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Dockets Management Branch (HFA – 305) -
Food and Drug Administration’
12420 Parklawn Drive, Room 1-23
Rockville, Maryland 20857

International Academy
of Compounding Pharmacists

P.O. Box 1365 2811%i3-8400 voice

Sugar Land, Texas 77487 28t@5-0602 fax

I -~927-4227

http:lkww.compassnet.coml-iacpl,

Re: Dockets Number98N-0182 z
%

Bulk Drug Substances To Be Used In Pharmacy Compounding: ~
Request For Nominations

~
Dear Sir or Madame: r.

E

As per Section 127 of the Food and Drug Administration Modernization Act of

1997 the International Academy of Compounding Pharmacists is nominating 24 bulk

drug substances as candidates for the bulk drug list. These substances do not comply

with the standards of an applicable USP or NF monograph nor are they components of

___ drugs approved by the FDA, therefore supporting data is being provided to meet criteria

set forth by FDA for inclusion on the list of bulk drug substances that may be used in

compounding. Each nomination is contained in an individual folder including ingredient,

chemical, and common names. Chemical grade or description and information on how

the ingredient is supplied is so annotated. Also, information about recognition in foreign

pharmacopoeias and bibliographies of available safety and efficacy data is included,

Requirements such as information on dosage forms, strength, and route of administration

have been addressed along with stability data, any formulations or other miscellaneous

information.

To support this data as requested by FDA, numerous documents and references

have been included in each folder. For example, the melting point maybe found on a

_#==%.. quality control report or the description of a substance is contained on a certificate of

analysis. Material Safety Data Sheets are included in every folder, which provide health
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hazard or toxicity data, reactivity data as well as handling precautions. Also, included are

monographs from Martingale’s Pharmacopoeia and The Merck Index. Where applicable

each folder contains current abstracts and articles that fiu-ther support doses, dosage

forms, therapy guidelines and cross-over trials with results.

In accordance with the bulk drug provisions in section 127, IACP requested that

the United States Pharmacopeial Convention, Inc. and an advisory committee on

compounding evaluate these 24 substances. Upon completion of this review process,

IACP requests that these substances appear on the list of bulk drug substances that may

be used in compounding.

The International Academy of Compounding Pharmacists is a nationally

recognized, professional, non-profit association of 1200 compounding pharmacists in the
.—_

U. S., Canada, Spain, and Chile. IACP seeks to increase awareness of the importance of

pharmaceutical compounding and encourage high standards throughout the profession of

pharmacy.

Sincerely,

&i?;~@@-. .
Executive ~irector
International Academy of Compounding Pharmacists

—.=-.
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D.

E.

F.

G.

A. INGREDIENT NAME;

DIAMINOPYRKDINE (3.4-)

Chemical Name:

3,4-Pyridinediamine

Common Name:

3,4-DAP, C5H7N3

Chemical grade or description of the strength, quality, and purity of
the ingredient:

98+%

Information about how the ingredient is supplied:

Pale brown crystalline powder

Information about recognition of the substance in foreign
pharmacopoeias:

Bibliography of available safety and efficacy data including peer
reviewed medical literature:

McEvoy, K. M. 4-Diaminopyridine in the treatment of Lambert-Eaton myasthenic
syndrome. NEngl JMe~ 1989; 321:1567-1571.

Russell, J. W. Treatment of stable chronic demyelinating polyneuropathy with 3,4-
diaminopyridine. Mqo Clin Proc, 1995; 70:532-539.

Newsom-Davis, J. Myasthenia gratis and the Lambert-Eaton myasthenic syndrome.
Prescribers’ ~ 1993; 33:205-212.

McEvoy, K. M. Clinical evaluations in myasthenic syndromes. NEnglJMe~ 1989; 321:
1567..——



Bever, C.T., Anderso~ P. A., and Leslie, J. Treatment with oral 3,4 diaminopyridine
improves leg strength in multiple sclerois patients: results of a randomized, double-blind,
placebo-controlled, crossover trial. Neurology, 1996; 47(6): 1457-1462,

Ok S. J., Kiw D. S., and Head, T. C. 3,4-diaminiopyridine, which is not readily available
in the United States, is recommended as the preferred drug for LEMS. Muscle Nerve,
1997; 20(9): 1146-1152.

Anlar, B., Varli, K., and Ozdirhq E. 3,4-diaminopyridine in childhood myasthenia:
double-blind, placebo-controlled trial. JChiZdNeurol, 1996; 11(6): 458-461.

Aisq M. L., Sevill~ D., and EdelsteiL L. A double-blind placebo-controlled study of
3,4-diaminopyridine in amytrophic lateral sclerosis patients on a rehabilitation unit. J
Neurol Sci, 1996; 138(1-2): 93-96.

H. Information about dosage forms used:

Orally

1. Information about strength:
—

10-20mg; three to four daily

J. Information about route of administration:

orally

K Stability data:

Melts at about 218-220° with decomposition
Incompatibilities: Strong acid, Strong oxidizing agents

L. Formulations:

M. Miscellaneous Information:

Page -2-
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PROIWC’ENO:

PRODUCT:

CERTIFICATE OF ANALYSIS

1824

3+1-Diaminopyridine

We hereby certify that batch 03630 ofthe above product hasbeentestedwiththe
foIlowingresults:

Appearance: Palebrowncrystallinepowder &-

Melting Point: Darkens213°C

Elemental Analysis: Found(%)

Date of Analysk

Nltrogexx 38.53
Carbon: 54.79

Hydrogem 6.49

Signal” Jf---l-idL4?!.... ......... ..........

QualitYConkolManager

9 July1991

Theory(%)

38.50
55.03
6.47

30December 1997

/’4?7

I /

—
—— —

‘=-=~----. . . .—- .-—______

= __ . .
—- ..-. —-.:.=..-->—--- -..-----—:-.=’ . . .--. -_.. . -.—. ——

—-.. .-. x-.
---- =-..-— ..,- ..-—

+._.
--.”-—--- >- .- ‘. ::, =..— —-=_L’-

..- —_ ...-.—--—_ _. .. . . .. ., . ....., -- .“,.. -“.—x

—. -.. . . . . ------ ,,, >.:,=-

.— -.. .—. .- __ .
., —..

., ,- .+ <+- L _’.=--y: : _:: ,. ... . . ; ..-.&..l-zl_: --—+-.. . ..-la



+----
QUALITY CONTROL REPORT

—:
.—

CHEMICAL NAME. :DIAMINOPYRIDINE (3,4)

MANUFACTURE LOT No. :3630

PHYSICAL TEST

spEcImcATIoNTEST STANDARD.:USP /BP /MERCK /NF /NiART./CO.SPECS.—— —— — —’

l)DESCRIPTION.:
PALE YELLOW TO YELLOW CRYSTALLINE POWDER; SLIGHT ODOR.

2)SOLUBILITY.:
SOLUBLE IN HOT WATER; SPARINGLY SOLUBLE IN ALCOHOL; SOLUBLE IN HOT ALCOHOL.

3)XELTINGPOINT.: !<
MELTS AT ABOUT 218-220

- d~~ree WT ~DECOMPOSITION.

4)SPECIFIC GRAVITY. :

5)IDmIFIcAT10N. :

PASSES.: FAILS .:

0
CONME?+TS. :ABOVE TEST IS CARRIED OUT BY VISUAL OBSERVATION DUE TO LESS AMOUNT
SAMPLE. CHEMICAL LABEL NAME ON BOTTLE - 3, 4-DIAMINOPYRIDINE, 98+ 2.

ANALYST SIGNATURE.: DATB.:

PFUZPACKTEST.: DATE. : INITIAL.:

RETEST. : DATE.: INITIAL.:

.



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA
—..

.id 5/92- 7/92

Sigma Aldrich
For Emergency Contact USA/Canada 800-325-5832 800-231-8327

Outside USA\Canada 314-771-5765 414-273-3850

–—_
D2 ,445-5

------ ------------ IDENTIFICATION -------------------
PRODUCT #: D2445-5 NAME: 3,4-DIAMINOPYRIDINE, 98%
CAS #: 54-96-6
MF: C5H7N3

SYNONYMS
3,4-DIAMINOPYRIDINE * DIAMINO-3,4 PYRIDINE * SC1O *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: US7600000

PYRIDINE, 3,4-DIAMINO-
TOXICITY DATA

IPR-MUS LD50:20 MG/KG JMCMAR 8,296,65
SCU-MUS LD50:35 MG\KG AIPTAK 150,413,64
IVN-MUS LD50:13 MG\KG APFRAD 26,345,68
ORL-BWD LD50:75 MG/KG AECTCV 12,355,83

TARGET ORGAN DATA
BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)
BEHAVIORAL (CHANGE IN MOTOR ACTIVITY)
LuNGs, THORAX OR RESPIRATION (RESPIRATORY STIMULATION)
GASTROINTESTINAL (CHANGES IN STRUCTURE OR FUNCTION OF SALIVARY GLANDS)
SKIN AND APPENDAGES (HAIR)

_ ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS)—
DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE INFORMATION.



------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
CAUSES EYE AND SKIN IRRITATION.

‘—- MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACT.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

FIRST AID
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF
WATER FOR AT LEAST 15 MINUTES.
IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS
AMOUNTS OF WATER.
IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.
WASH CONTAMINATED CLOTHING BEFORE REUSE.

!-M
-------------------- PHYSICAL DATA --------------------

ELTING PT: 218 C TO 220 C
APPEARANCE AND ODOR

LIGHT-TAN POWDER
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO
PREVENT CONTACT WITH SKIN AND EYES.

— ------------------- REACTIVITY DATA -------------------
DMPATIBILITIES

+STRONG OXIDIZING AGENTS
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY
RUBBER GLOVES.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.

WASTE DISPOSAL METHOD
DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.

--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
CHEMICAL SAFETY GOGGLES.
RUBBER GLOVES.
NIOSH/MSHA-APPROVED RESPIRATOR.
SAFETY SHOWER AND EYE BATH.
MECHANICAL EXHAUST REQUIRED.
DO NOT BREATHE DUST.
DO NOT GET IN EYES, ON SKIN, ON CLOTHING.

‘—- WASH THOROUGHLY AFTER HANDLING.



-

TOXIC .
IRRITANT .
KEEP TIGHTLY CLOSED .
STORE IN
TOXIC BY
IRRITATI

A COOL DRY PLACE.
INHALATION, IN CONTACT

NG TO EYES. RESPIRATORY
WITH
SYST

IN CASE OF CONTACT-WITH EYES,
WATER AND SEEK MEDICAL ADVICE

RINSE
.

SKIN AND IF
EM AND SKIN.

SWALLOWED .

IMMEDIATELY WITH PLENTY OF

WEAR SUITABLE PROTECTIVE CLOTHING.
THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL NOT
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH TH
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR ADDITIONAL
TERMS AND CONDITIONS OF SALE

-.

BE
E

___



mine. Miosis occurs within 10 to 20 minutes of
instillation of carbachol eye drops and lasts for 4
10 8 hours; reduc[ion in intra-ocular pressure lasts
for 8 hours.
Carbachol is also administered intra-ocularly, 0,4
to 0.5 mL of a O.OICZ solution being instilled imo
the anterior chamber of the eye, to produce miosis
in cararacl surgery. The maximum degree of mio-
sis is usually obtained within 2 to 5 minutes of in-

—. tra-ocular instillation and miosis lasts for 24 to 48
hours.
Carbachol has been used as an alternative to cath-
e!erisation in the treatmem of urinary retention in
a dose of 2 mg given three times daily by mouth.
For the acute symptoms of postoperative urinary
retention doses of 250 yg have been given subcu-
taneously repeated twice if necessary at 30-minute
intervals, Carbachol should not be given by [he in-
travenous or intramuscular routes.

Carbachol dccs no! readily penetrate the cornea and eye
drops are usually prepared with a wening agem to en-
hance penetration. A lipid-soluble derivative, N-demetbyl-
ated carbachol has been studied for use in glaucoma. )
1. Hung PT. cr al Ocular hypmensivc effecls of !.J.dcme!hyl-

ated carbachol on open angle glaucoma. Arch Ophrhdmol
!982: IOCe 262A

Ocular surgery. Some consider carbachol to be the agem
of choice for the management of increased irttra-ocular
rmessure after cataract extraction i.2
1, Ruiz RS. PI al Effems of carbach.d md acetylchahm on

in!racmdar pressure afler cataract extraction, Am J Ophlhd.
I/l”/1989 107: 7-10

2. Hollands RH, er d Control of intraocular pressure after
calaract extracnon Con J Ophrhalmol 1990: 25: 12S-32.

Urinary incontinence, For a discussion on the use of
parasympaihomimetics in the managemem of urinary in-
continence. see under Uses and Administration of
Bethanechol Chloride, p. 1113.

Proprietary Names
Carbamann.Dory], Isopto Karbakolin. Miosta[, Spcrsacarba~
chol. o
Multi.ingmdierrt preparations. Bcstmlma. GT 50. Mios. Ris-
unal A, Risunal B.
Preparation details wc given in Parr 3.

Choline Alfoscerate @.t8-hJ

Choline Al foscera[e (r/NN/.— ._
Chohne Giycerophosphate: L-a-Glyce@phosphorylchoiine.
Choline hydroxide, (RL2.3-dihydroxypropyl hydrogen phOs-
pham, inner salt,
C8H20N06P = 257.2.

CAS — 28319-77-9.

Choline alfoscerale is repcmed m have cholirre~ic ac!ivity
and has been tried b} mrravenous or intramuscular admin-
istration in [he [reatmen! of AIzheimer”s disease and other
demenlias

References,
1. Trabucchj M, C! al Changes m the m$erac!lom between

CNS chol!ncrg,c md dopammcrgtc neurons mduccd by L-O.
g!>cerylphosphorylcholb”e, a cholinommxllc drug. Formoc.
{SC,, 1986, 41: 3?3-34.

2. D, Pcrn R. cl o! A multicemre trial m cval”we Ihe effica.
cy and !olerabil!l! of u.gl)ccr! Iphosphorylcholinc versus
cylosme dlphosphocholme m pamntc with vascular dernen.
na J /nJ Med Rc~ 1991, 19: 33&ll

Proprietary Names
Brczal, Delccu, Gl!alilm.
Prcparanon details arc given in Parr 3.

Demecarium Bromide (4512-n)

Demecatium Bromide (BAN. rfNNl
BC-.S8. N.A’’-Decamethy lenebis(N,Nnimethyly 3-methylyl-
csrbamoyloxyrmilinium) dibrom) de.
C32H52Br2h’404 = 716.6.

CAS—56-94-O.

Phanmrcopociu.r In L’.5

A wblle or slighd} yellow, slightl) hydroscopic, crystal-
line powder. Freely soluble m ua[er and alcohol: soluble
in ether: spwmgl> soluble in acetone A I% solution in
water has a pH of 5 to 7. Store in ainight containers
Protecl from light.

Adverse Effects
As for Neosogmine Melhy}sulphare. p. 1116 and Eco!hio-
pare lodidc, below. The anticholinesterase action of deme-—
carium. and hence its adverse effec!s, ma! be prolonged.

Treatment of AdVerse Effects and Precautions ~opylftuorophosphonate. i-luosugmme; Isoffw~
Isopropyl phosphorotltoridate,As for EcothiopateIodide, p. 1I 15.

Pratidoxime has been reported to be more active in coun-
teracting the effects of dyflos and ecothiopate than of de-
nrccasium.

Uses and Administration
Denrecariumis a quatemary ammorrnrm compound which
is an inhibitor of cholinesterase with actions similar m
!hose of ecothiopatc (see below). 1[s miotic action Lrcgins
within about 15 to 60 minutes of its application and may
persist for a week or more, It causes a reduction in inu’a-
ocular pressure which is maximal in 24 hours and may
persist for 9 &ys or more.
Demecarirtm bromide has been used in lhe creacmerrt of
open-angle glaucoma particularly in aphakic patients. and
those in whom ocher agents have proved inadequate. ‘he
dosage varies, I to 2 drops of a O.125% or 0.25% solu-
llon being insrilled from twice weekly to twice daiiy,
preferably as bedtime,
Demecarium bromide has also been used in the diagnosis
and management of accommodative convergent strabismus
(esotropia).

Proprietary Names
Humorsol, Tosnrilm
Preparadcm details sre given in Parr 3.

3,4-Diaminopyridine (]~-m)

3,4-Diarninopyridine has similar actions and uses to 4-
amirsopyridine (see p. 1112) but is reported to he more po-
tent in enhancing the release of acefylcholine from nerve
[emrirrafs.

Administration of 3.4-diaminopyridine by mouth in daily
doses of up to 1s30mg in a double-blind. placebo-control-
led, crossover study was found to be effective in the
treatment of both the motor and autonomic deficits of 12
patients wilh Eaton-Lamben syndrome, One patient re-
ceiving 100 mg dad y had a single seizure after 10 months
of therapy but adverx effects in other patients were min-
imal and dose-rela!ed. In 4 patients addition of pyridostig-
minc to frearrnentprwhtced additional benefirs.— MCEVOY
KM cr a/. 3,4.Diaminopwidl~ the ucarment of Lambm -Saton
myasrkmc symdrcme.N Eng/ J Med 1989 321: 1567-71.

Distigmine Bromide (4513.hl

Drm.grnine Bromide (BAN, rNW).
BC-5 I; Bispyridosligmine Bromide: Hexarnarium Bromide.
3.3' -~,N'-Hex~thyelenebisl. metiylctimoyloxy )]bis(l-
methylpfidinium bromide).
C2~H32Br2N@4 = 576.3.

CAS— 15876-67-2.

Pharmacopoeias. In Jpn.

Adverse EHec@ Treatment, and Precautions
As for Neostigmine. p. I I ! 6. The antichoiirswerasc action
of distigtrrine. and hence its adverse effecrs, may be pro-
longed. and if treatment with atroplne is required II
should be mamtained for at Ieasl 24 hours.

Absorption and Fate
Dlsrigmine is poorly absorbed from [he gaatro-imestinal
;raa.

Uses and Administration
Dmigmirsc is a quatemary ammonium compound which is
an mhibltor of cholinesterase activity with actions similar
10 chose of neostigmine (see p. I I 17) but more prolonged.
Maximum inhibition of plasma cholinesterase occurs 9
hours after a single intramuscular dose. and ~rsists for
FdXNO24 hours.
lt is used in the prevention and treatment of postoperative
intestinal atony and urinary retemion: 500 pg of distig-
mine bromide may be injected intramuscular] y about 12
hours after surgery and may be repeated every 24 hours
until normal function is restored. h may also be given by
mouth in a dose of 5 mg daily thirty minutes before
breakfast. A similar dose by mouth. given daily or on al-
remale days, has been employed in the managemem of
neurogenic bladder.
Distigmine bromide in conjunction with shori-acting para-
sympatho,mlmeucs has been given for the treatment of
myasthema gravis, but should only be given by mouth.
Doses of up to 20 mg daily for adults and up to 10 mg
&ily for children have been used. adjusted according to
indwidual response.

Proprietary Names
Ubretid.
Preparatum &lails are given in Pan 3.

DYftUS (~5]4-m)

Dyflos /BAN).
DFP. Ditluorophme; Di-!sopropyl Fluorophosphate: Di-iso-

CAS— 55-91-4. :~

Pharmacopoeias. In Lr S.
‘4
“i.

A ckar, colorless. or faintly ye]iO~ liquid. S:m
ny about 1.05. Spamrgly soluble m water ~u
c?hol and vegetable oils. h 1s decomposed ~
w!th the evolution of hvdroeen fluoride c,.

q
CALTON. The wrpour of dyjlos is wv ro.vlc, cm

marerial should k mrmrrsed In o 2$? QqueoU ~

sodium hvdroxide for several hours Dyfioi ~

moved from rhe skin try washing with soap ~

Adverse Effects d
As for Neostigrnine Mechylsulphate, D,II16Lq

he anticholinesterase action of dytlos, ~d #
verse effects, may te proion~ed. Its vapour L,
irritating to the eye and mucous membratse,s,:q
Systemic toxicity also occurs after inbalatim ~
pour. prolonged use of dyflos m the eye ~e” _
ly reversible deplgmermmon of the lid ma ~
skinned oatierrta

Absorption and Fate

d

...

Dyflos is redly absorbed from the game-”’
from skin and mucous membranes, and fm’
Dyflos interacts with cholines!erases prM

:ed and phospho@ated dcrivariv@
hen” hy&cdyaed by phosphorylphosphatmea; I-
UCrSOf hydrolysis are excreted mainly in k.

Uses and Administration -;
“4Dytlos is an irreversible inhibitor of cbol~

actions similar to dro%of ecothiopate (see n tu
10S has a powerful miotic action which bgu
10 minutes and may persist for up to 4 wc
a reduction in incra-octdar pressure which ij’~
24 hours and may persist for a week, .
Dyflos is used mainly in the treatment tjf~
glaucoma paniculariy m aphakic patients, amfA
agents have proved inadequate, It is also em.
diagnosis and management of accommudadve+
strabismus (esorropia).

4

Dytlos is administeredlocally usually “ss a“,O<
thalmic ointmem preferably at night before

.,&
Proprietary Names ,6

Prcpz&!&r dek~s” arc given in Parr 3. ,,11

i

.:>
Ecothiopate Iodideww ~”..,1
Ecotbiopate iodide is an irreversi
choiinesterssse with a prolonged duratiom~
It is used as a miotic in the treatment o
when other agents have proved inadeq~

YL7
Ecothiopate Iodide (BAN, r/AW). ,TI

Echothiophate Iodide; Ecostigmine Iodt
(2-Diethoxyphosphiny lthioethyl)-

1

.,, ::

[rimethylammonium iodide,
~Hz@OgPS = 383.2. ‘1.

CAS— 6736-034 (ecorhiopare); 513-10$
pare iodide).

Pharmacopoeias. SssBr., Cr., Jpn, and US. ‘/1... .
A white crystalline hydroscopic powder wi~ =
odcnsr. Soluble 1 in 1 of water. ] in ?5 of @
in 3 of methyl aJcohol: practically msolublc I
garric solvents, A solution in water has a PH (
The B. P requires storage between 2n and 8*
requires storage preferably at a temperat~
Store in airtight containers. Protect from b-

As for Neostigmine Methylsulphate, P. I!}
Ecofhiopate is an irret,ersib]e cbolinesl~
itofi its action, and hence its adverse ~
-. ~.-.-..=-—.
Plasma and erythrocyte cholinestemses,.“
minished by treatment with eye drops!
pate, or other long-acting antichol@
sysIemic toxicity occurs more frequenrf.y
shorter-acting miotics, Acute iritis, ~
ment, or precipitation of acute glauc~
casiona]ly fo]low treatment with ecoti
iris cysts (especially in children) or la
may develop following prolonged t@m



convergent strabismus (accommodative esotropia)
as mentioned in the discussion on the treatment of
strabismus on p. 1416.

Preparations
Names of prrparxions are listed below; detmis are ~ven in Pan 3.

0t7iciaf Preparations
CJSP?3:Demecartum Bromide Ophthalmic Solution.
Proprietary Preparations
uK. Tosmilen+; USA: Humorsoi.

3,4-Diaminopyridine (19064-m)

3,4-Diaminopyndine has similar actions and uses to
fampridine (see p. 142!) but is reported to be more
potent in enhancing the release of acetylcholine
from nerve terminals. It is used in the Eaton-Lam-
bert myasthenic syndrome and other myasthenic
conditions. lt has been tried in multiple sclerosis and
in botulism.

No improvement was observed with 3,4-diaminopyridine in a
comrcdled study of patients with chronic demyelinating neu-
ropathy. 1
1. Russell JW. et al. Treatment of stable chmmc demyclinaung

-uropathy with 3..Ldiaminopyr!dine. ,W.WJC/in Proc
1995; 7Q 532-9.

Eaton-Lambert myasthenic syndrome. Admmisrration
‘of 3,4-&laminopyridine by mouth in daily doses of up to

l~g has been found to be -Ive in the rrmmem of both
the motor and autonomic deficits of patients with Eamn-Lam-

-berr syndrume. ] A usual starring dose of ~ given three or
- four times daily increasing if necessary to a maximum of

@ given five times daily has been used.: Adverse effects
aPw~ tObe mainly mdd and dose related.1 Most patients ex-
perience some form of paresthesia up to 60 minu:es after ad-
ministration. [z 3,$ Diaminopyridine can produce mild
excitato~ effects and some patients may experience difficulty
in sleeping. There have been isolated reports of seizures and
3,4-dianinopytidine is rhereforc contra-indicated in patients
with epilepsy. Other treatments of Eaton .Lamberr myasthenic
syndrome arc discussed on p.1414.
[. _ tGW,tr al, 3.-LDiaminopyridinc in the tremmenr of

Lamben-Eamn myaschemc syndrome. N Engl J Med 1989.
121. 1%7-7 I-------- .,

2. J@mumDavis J. Myasthenia gravIs and the Lam&rt-Emon
myasthcnic syndrome. Prescnbcrs’ J 1993; 33:205-212.

Distigmine Bromide (4513.h)

Dmigmine Bromide (BAN, rlNN).
BC-5 I; %pyridosugmine Brom!dw. Hexamarium Bromide.
3,3'-[N,N-Hexamerhylenebis(merhykarbamoyloxy)]bis(l -
methylpyndinium bromide).
C11H3zBr1N,04 = 576.3.
G4S — 15876-67-2.

FkmrtracopOeIrrs.[nJpn.

Adverse Effects, Treatment, and Precau-
tions
As for Neostigmine, p. 1422. The anticholinesterase
action of distigmine, and hence its adverse effects,
may be prolonged, and if treatment with arropine is
required it should be maintained for at least 24
hours.

Pharmacofdnetics
Distigmine is poorly absorbed from the gasrro-intes-
tinal tract.

Uses and Administration
Distigmine is a quatemary ammonium compound
which is a reversible inhibitor of chofinesterase ac-
tivity with actions similar [o those of neostigmine
(see p.1423) but more prolonged. Maximum itrhibi-
tion of plasma cholinesterase occurs 9 hours after a
single intramuscular dose, and persists for about 24
hours.
It is one of several agents that may be used in the
prevention and treatment of postoperative intestinal
stony (see p.1193). It is also used in urinary reten-
tion. although catheterisation is generally prefemed
(see p,489). A dose of 500 Vgof distigmine bromide
may be injected intramuscularly about 12 hours af-
ter surgery and may be repeated every 24 hours until

Carbachol/Dyflos 1419

normal function is restored. h may afso be given by
mouth in a dose of 5 mg daily thirty minutes before
breakfast. A similar dose by mouth, given daily or
on alternate days, has been employed in the manage-
ment of neurogenic bladder.
Distigmirte bromide in conjunction with short-act-
ing parasympathomimetics is also used for the treat-
ment of myasthenia gmvis, but should only be given
by mouth. Also, as discussed under the section on
the treatment of myasthenia gritvis, patients being
treated with parasympathomimetics tend to prefer
pyridostigmine (see p. 1415). Doses of up to 20 mg
daily for adults and up to 10 mg daily for children
are given. adjusted according to individual response.

Preparations
Names of preparations u listed &tow; details are given in Pan 3.

Pmprfetary Preparations
.4u.w.: Ubrctid: Au.wnd.: Ubretid: Eire.’ Ubrctid: Ger: Ubretid:
Nerh.; Ubr.wid:S.Afr: Ubre[id: .$wic. Ubretid: UK. Ubretid.

Dyflos (4514-m)

Dyflos (fMN).

DFP Difluoruphate; Di-isopmpyl fluorophosphate; DI-Iso-
pmpyifluomphosphonate: fluosugmme; Isoflurophace. Di-
isoprupyl phosphomfluoridace.

C6H14F01P = 184.1.

CAs— 55-91-4.
Phornracopcam. h US,

A clear, colourleas, or faintly yellow liquid. Specific gravity
about t .05. Sparingly soluble in water solubleinalcohol and
in vegetable oils. It is decomposed by moisture with the evo-
lution of hydrogen fluoride. Store at 8° to 15° in sealed con-
tainers.

cAunoN. The vapour of dyJfos is very toxic. The eyes, nose.
and mourh should be pmrectea’ when handling JVILV, and
contact with the skirr should be avoided. L3yy?o.Ycan be re-
moved jivm the skin by washing with soup and water Corr -
ramina ted material should be immersed in a 2% aqueous

solwiorr of sodium hydroxide for severa( hours.

Adverse Effects
As for Neostigmine Methylsulphate, p. 1422 and
Ecodriopate Iodide, p. 1420. For adverse effects of
miotics, see also Pilocarpine, p.1426.
The anticholinesterase action of dyflos, and hence
its adverse effects, may be prolonged, Its vapour is
extremely irritating to the eye and mucous mem-
branes.
Systemic toxicity also occurs after inhalation of the
vapour. Prolonged use of dyflos in the eye may
cause slowly reversible depigmentation of the lid
margins in dark-skimed patients.

Treatment of Adverse Effects
As for Ecothiopate Iodide, p. 1420.

Precautions
As for Neostigmine, p. 1423 and Ecothiopate Iodide,
p, 1420. For precautions of miotics, see also Pile-
carpine, p. 1426.

Pharmacoisinetics
Dyflos is readily absorbed from the gastro-intestitxd
tract, from skin and mucous membranes, and from
the lungs. Dyflos interacts with cholinesterases pro-
ducing stable phosphonylated and phosphorylated
derivatives which are then hydrolyses by phospho-
rylphosphatases. These products of hydrolysis are
excreted mainly in the urine.

Uses and Administration
Dytlos is an irreversible inhibitor of cholinesterase
with actions similar to those of ecothiopate iodide
(see p. 1420). Dyffos has a powerful miotic action
which begins within 5 to 10 minutes and may persist
for up to 4 weeks, it causes a reduction in intra-ocu-
lar pressore which is maximal in 24 hours and may
persist for a week.
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30294 3.4-Diaminoftyridine j

F I
aL, J. Am Chem. .SOC. 81, 1518 (1959): U.S. p

N* ( 1960 to American Cyanamid).

Crystals from erhanol + water, mp 302-. uv max (PH
1.9): 24!;>~2 nm (lcig-~J.98, 4.*..

+& ,/ ___ ____

Q
3,4-Dianrinopyridine ,4-&idisraliamine: 3,4-

AP. ‘ H NJ; m .13~N
. ---- - ... , ‘n-

~ l“J.A IL. . . . .. -. --....5.. ...”-. . . -y.. .

Anm 51% 274 (1935): J. W. Clark- WW, R. P. Singh, J.
Chem ~. 1%2, 2379; J. B. Campbell et al., J. Heter&~l.
C)rern. 23, 669 (1986). HPLC deterrms in semm: J. Leslie.
C. T. Bever, J Chramarag. 4%, 214 (19S9). Acute toxicity:
P. Lechat et al.. Ann. Phamr. Fmnc. 26, 345 ( 1%8). Effect
on neuromuaculsrr transmission: J. Molgo et al., Eur. J.
Pharnracol. 61, 25 ( 1980); R. H. Thomsen. D. F. W!lson, J
Pharnracol. Exp. Ther. 227, 260 (1983). Evaluation “n

~human boudism: A. P. Ball et al., Quart. Me

(q i-’-y a evacuations in myas;henic ndromes: K.
M. &VO et al.. .%. .WZL J Med 321, 15

=Iace er al., ,Veural. Neu’msuni. Psychiatr. 54, 1069
w\ (I 991k in multiple scleros[s: C. T.- Bever, Jr. et al., Arm.

NeumL 27, 421 ( 1990); idem, ifrid. 36, S118 ( 1994).

?“

t

Nl+

NeccLfca from water, mp 22W (Ctark-Lewis, Singh); also
reported as white to beige crystals from water, mp 218-21Y
(Campbell). Readily sol in waler, slcohoi; slightly sol in
ether. LDW iv. in mice: 13 mg/kg (L.echat).

L’sE: Intermediate in synthesis of heterocyclic compds.

3030. Diamond. A crystalline forrsrof carbon. Mined
ax a mincmf. prinmpally in South Africa. (Non-commercial)
synthesis from other carbon compds (e. g., Iigrsin) by means
of elevamd tesnperstures (about 27009 and prcssrsrcs (about
8Ce3.000lbs/sq inch): Desch, Nature 152. 148 (1943): Neu-
haux, ,4rrgew. Cherm 66, 525 (1954): Hall, Chern .Eng. New
33, 71g (1955); Bridgman, .Sci. Amer. 19SS, 46 HaJl, J.
Chem. Ed. 38, 484 ( 196 l); Bundy, Ann. N. K A cad. ScL vol.
105, art 17, pp 951-982 ( 1964). f300ks: S. Tolansky. His-
rory and Use of Diamond (London, 1962) 166 pp; R. Ber-
mars. Physics/ Pmperries oj L3iarrrond (Oxford, 1965) 442 pp.

Face-centered cubic crystal Iattlce. Bums when heated
wsth a hot enough flame (over 80tY, oxygen torch). d~
3.5 i 3. n~ 2.4173. Hardness = 10 (Mobs’ scale). Sp heat
at ltXYK: 0.606 cal /g-atom /”K. Entropy at 298. IGK:
0.5684 cd /g-atom /VC. Band gap energy: 6.7 ev. Dielectric
constant 5.7. EIeclron mobility: -1800 cnsz/v-aec. Hole
mobility: 1200 cmz rv-scc. Can be pulverized in a steel mor-
tar. Attacked by laboratory-type clearsing soln (fsaasslum
bichromate . coned H#04). In the jewelry made the urnt
of weight for diamonds is one carat = 200 mg. Re~ Wa/1
Sweet J. la, no. 36, p It3 (Aug 19, 1964).

USE: Jewelry. Polishing, grinding, cutting glass, ~ngs
for delicate instruments; ma”uf dies for tungsten wire and
similar hard wir~: making styli for recorder heads, long-
Imtusg phonograph needles, In sem!conducmr rcxcarch.

3031. Diamond Ink. Etching mk. A mixture of HF.
BaSO, and fluoridm.

MiJky-white Iiq wrh a heavy sediment. Shake well before
using and warm gmtly in a lead dish. Keep in pla.srtc. hard-
rubber or inrenr. paraljin .coared boct[ex

L-SE: For etching gJass.

Liquid. bpos 174-17~. rr~ 1.546.
1

Sulfate. CzlHwNIO&. crystals from ethanol ~
1!0-1[1”..- . .

,Vore.’ Thts is a controlled substance (opiats) I
U.S. Code of Federal Regulations, Title 21 PI
(1995).

THEKAP CAE Analgeic (narcotic).

‘:$3033. Diatntbamle Diltydrochlotide. 6-(2-(
no)=thoxyJ-,V, .V-dimethyl-2-benz othia:oiamine dik;
nude; 6-[2-(diethylamirr o)ethoxyl-2-dimethylamissa
:aIe dihydmrhfom”de: 2.dimethylamirso-6 -&fie

&
ethoxy)benzothiazole dihydmchloride; dimazolcj
chloride: Ro-2-2453; Asterol Dihydrochloridq A
HxCl NjOS: mol WI 366.35. C 49.18%, H f
19.35;0, N 11.47% O 4.37m0, S
Ier, U.S. pat. 2,S7S,757 (1951 to Hoffmann-Ls R

Crystals. dec 26T, rnp 240-24Y. FrecJy SOIi
methanol, ethanol. A 57. aq solrs has a pH of xl

THERAP CAT: Antifungal. ..d

3034. Diatnyl Sodium Sulfosuccinate. s./~
aic acid 1,4-diperstyl es:er sadiu m salt; sulfaesuciah
pcrrtyl atrr sodium
NaO#. mol wt 36 . . . . . _ .
31.08%, S 8.90%. The amyl or 1-met hylbutyl diCS
monosodium saft of sulfosuccinic acrd or a mistun
Wetting agerst prepd by the action of the appropr
hols on maleic anhydride followed by addtion of x
sulfite: Jaeger, U.S. pats. 2,028,091 and iL17
1939 to Am. Cyanamid). :P

Available aa a mixture of white, hard pellets ~L-
#%iy in waler at 25. = 392 g/liter; at 7W = ~

Maxjmum concn of electrolyte soln in which 17. ~.~

tlng agent is sol: 3-0 NaCl; 2-470 NH,C1 (tudn
fNH4)lHP04 (turbid); 4?0 NaNO, (sl!ghtiy W!
Na#O, (very slightly turbid). Also sol in @e
zcld, acetone. hot kerosene, carbon tetrachlorid%.
hot olive oil; irsso[ in tiq petrolatum. SUrfIUX o
water O.001% = 69.4 dvnlcm: 0.02C0 = 6
0. l?. = “50.2 dyn/cm; u..L>%

4

dyn/crn. Intcrfacial tension 1!7. in war’er vz fiq
Iatum. 5 seconds = 7.55 dynfcm: 30 sccon~
dynlcrss; 15 minutes = 7.03 dynlcm. Interf
O.InOin water w Iiauid m~rolatum: 5 ~nd$
dynlcm: 30 seconds ‘= 2a.6 dynlcm: 15 minu

%1
dyn /cm. Stable in acsd and neutral solrss. hy
alkaline wslns.

3032. Diampromide.
As crnuisifier in emulslon polymerization

.V-[2-[.WerhyI( 2-pheny+th.vl lam t - ~~~~~n~ ~g=” t.
no]Pmpyl]-.V.p?ren vlpropanarntde: .\.[2- fmerh.vlptrenerh .yiaml -
no Jpmpyl]pmpronan iIide. C:l HBXZO; mol WI 324.47 C 3035. 1.2-Dianilinoetlsane. !!V,.\ ‘.Dipherryf-r
‘- 74mc. H 8.70’7.. \- S Ojp.. O 4 ~3ac. Synthems: Wright e{ Jiamt”t-: v..\ ‘.diphen~ierhvlenediam zne: . Iv v’.dip~

Page 506 Consul! the .%me Irrder 6ejore using this secnon.
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TITLE: %’- Treatment with @3,4 diaminopyridine improves leg strength in multiple

AUTHOR:
6

AUTHOR
AFFILIATION:

SOURCE:

NLM CIT. ID:

ABSTRACT:—z

MAIN MESH
SUBJECTS:

sclerosis patient~results of a randomized, double-blind,
placebo-controlled, crossover trial.

—>

Bever CT Jr; Anderson PA; Leslie J; Panitch HS; Dhib-Jalbut S; Khan
OA; Milo R; Hebel JR; Conway KL; Katz E; Johnson KP

Department of Neurology, School of Medicine, University of Maryland,
Baltimore, USA.

Neurology 1996 Dec;47(6):1457-62

97120056

To examinelkdlkag and toxicity of oral 3,4 diaminopyridine ~P] in
d~ to 100 mg/day, 36 p~ (MS) enrolled
in a randomized, double-blind, placebo-controlled, crossover trlal=e
primary outcome measure was improvement of a prospectively defined
necrologic deficit, which was leg weakness in 34 patients. Secondary
outcome measures included the patient’s subjective response, scored
manual motor testing (MMT) of leg strength, scored leg strength from
videotaped motor testing (VMT), quadriceps and hamstrings strength
(QMT) measured by isometric dynamometry, neuropsychological testing
(NPT), ambulation index (AI), and Expanded Disability Status Scale
(EDSS) score. Paresthesia an~a~dominal pain were common and w-.— ___
dose limiting i~l~~atients. Three patients had e=o~i~sian,— ---..—.—.-.—-
a~o-n~t~ent iiad a-s~iure w=oniiP~i@j~t”patients withdrc.wfimn—y — —___
thmy, leaving 28 evaluable patients for the efl’icacy analysis. The
prospectively defined r)atients-2~2 DAP
and 2 on placebo (p n leg weakness.
Subjective response and measures of leg strength and function (MMT,
VMT, QMT, and AI) improved on DAP compared with placebo. Neither
NPT nor EDSS scores improved. Ifl.APtreatment can ind~e improvemen~
in leg st~but toxicity is limiting

Le#PHYSIOPATHOLOGY —
Multiple Sclerosis/*DRUG THERAPY/PHYSIOPATHOLOGY
4-Aminopyridine/* ANALOGS & DERIVATIVIWADMINISTRATION &
DOSAGE
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PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

Administration, Oral
Adult
Aged
Double-Blind Method
Female
Human
Male
Middle Age
Support, Non-U.S. Gov’t

CLINICAL TRIAL
JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

Eng

504-24-5 (4-Aminopyridine)
54-96-6 (3,4-diaminopyridine)
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TITLE:

AUTHOR:

AUTHOR
AFFILIATION:

SOURCE:

NLM CIT. ID:

ABSTRACT:

—

MAIN MESH
SUBJECTS:

lof2

Low-dose guanidine and pyridostigmine: relatively safe and effective
long-term symptomatic therapy in Lambert-Eaton myasthenic syndrome.

Oh SJ; Kim DS; Head TC; C1aussen GC

Department of Neurology, University of Alabama at Birmingham 35294,
USA.

Muscle Nerve 1997 Sep;20(9):l146-52

97416721

Guanidine hydrochloride is known to be highly effective in the
symptomatic treatment of the Lambert-Eaton myasthenic syndrome
(LEMS). However, because of its potentially dangerous side reactions of
hematologic abnormalities and renal insufficiency, 3,4-diamino~ ridine

~hich is not rea Ldily available in the United States, is recommended as th~
‘7preferred drug for LEMS. We used low-dose guanidine a~mine

combination therapy in 9 patients with LEMS and analyzed its long-term
safety and effectiveness. In all patients, a liberal amount of pyridostigmine
was used, while daily guanidine dose was kept below 1000 mg a day, and
guanidine was given between pyridostigmine dosings. This combination
therapy was used for 3-102 months (mean: 34.1 months) and improved
clinical status in all patients. Although guanidine had to be discontinued
due to severe gastrointestinal symptoms in 3 cases, no serious side reactions
such as bone marrow suppressions or signs of renal insuf?lciency developed
in any case. Thus, we conclude that low-dose guanidine therapy is relatively
safe and effective for long-term symptomatic treatment of LEMS when it is
combined with pyridostigmine.

Cholinesterase Inhibitors/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/THERAPEUTIC USE
Guanidines/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/THERAPEUTIC USE
Lambert-Eaton Myasthenic Syndrome/COMPLICATIONS/* DRUG
THERAPY/ PHYSIOPATHOLOGY
Pyridostigmine Bromide/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/ THERAPEUTIC USE
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CLINICAL TRIAL
JOURNAL ARTICLE

Eng

O(Cholinesterase Inhibitors)
O(Guanidines)
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113-00-8 (Guanidine)
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—_ TITLE: % 3,4-diaminopyridine in childhood myasthenia: double-blind,
placebo-controlled trial.

AUTHOR: Anlar B; Varli K; Ozdirim E; Ertan M

AUTHOR Department of Pediatric Neurology, Hacettepe University, Ankara, Turkey.
AFFILIATION:

SOURCE: J Child Neurol 1996 Nov;l 1(6):458-61

NLM CIT. ID: 97118599

ABSTRACT: Eleve u-patknts-dh congenital and five with~uvenile m asthenia gravis,——.

G

● “~--aged 5 to 24 years, were given 3,4-diaminopyrldme m a doub e- md,--— —-..
placebo-controlled, crossover study. Clinics—~

.

5 of 11 congenital myasthenia patients~and placebo effect, in 3 of 11.
Juvenile myasthenia patients did not respond. Single-fiber
electromyographic studies did not reveal any changes correlating with the
clinical status of the patient. This study demonstrates the importance of
double-blind and placebo-controUed studies to determine the effect of
3,4-diaminopyridine in congenital myasthenia. This drug may have
different effects on various presynaptic and postsynaptic defects of
neuromuscular transmission resulting in congenital myasthenia syndromes.

MAIN MESH Myasthenia Gravis/CONGENITAL/DIAGNOSIS/*DRUG THERAPY
SUBJECTS: 4-Aminopyridine/*ANALOGS & DERIVATIVESfTHERAPEUTIC USE

— ADDITIONAL Adolescence
MESH Adult
SUBJECTS: Child

Child, Preschool
Cross-Over Studies
Double-Blind Method
E1ectromyography/DRUG EFFECTS
Female
Human
Male
Necrologic Examination/DRUG EFFECTS

PUBLICATION CLINICAL TRIAL
TYPES: JOURNAL ARTICLE

RANDOMIZED CONTROLLED TRIAL

LANGUAGE: Eng

REGISTRY 504-24-5 (4-Aminopyridine)
NUMBERS: 54-96-6 (3,4-diaminopyridine)

H
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R TITLE: Ruthenium red, a novel enhancer of K+ currents at mouse motor
netwe terminals.

AUTHOR: Lin MJ; Lin-Shiau SY

AUTHOR Institute of Pharmacology, College of Medicine, National Taiwan
AFFILIATION: University, Taipei, RO.C.

SOURCE: Neuropharmacology 1996 May;35(5):615-23

NLM CIT. ID: 97042771 (abstract present)

H TITLE: T

&x,

Treatment with oral 3,4 diaminorwridine imRroves ler stren~th in
multide sclerosis Datients: results of a randomized. double-blind,— /

Iacebo-controlled, crossover trial.

AUTHOR Bever CT JZYAnderson PA; Leslie J; Panitch HS; Dhib-Jalbut S;
Khan OA; Milo R; Hebel JR; Conway KL; Katz E; Johnson KP

AUTHOR Department of Neurology, School of Medicine, University of
AFFILIATION: Maryland, Baltimore, USA.

SOURCE: Neurology 1996 Dec;47(6): 1457-62

NLM CIT. ID: 97120056 (abstract present)

~ TITLE: 3.4-Diaminomwidine, an orDhan drug, in the svmntomatic
treatment of Lambert-Eaton mvasthenic svndrome.

AUTHOR: Molgo J; Guglielmi JM

AUTHOR Laboratoire de Neurobiologie Cellulaire et Moleculaire, C. N,RS.,
AFFILIATION: Gif-sur-Yvette, France.

SOURCE: Pflugers Arch 1996; 431(6 Suppl 2): R295-6

NLM CIT. ID: 96364143 (abstract present)

u TITLE: Acute ventilator failure in Lambert-Eaton mvasthenic svndrome
and its resDonse to 3,4-diaminor.w ridine.

—_
AUTHOR: Smith AG; Wald J
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AUTHOR Department of Neurology, University of Michigan Medical Center,
AFFILIATION: Ann Arbor 48109, USA.

—---
SOURCE: Neurology 1996 Apr;46(4): 1143-5

NLM CIT. ID: 96373816 (abstract present)

R TITLE:

~4

A double-blind dacebo-controlled study of 3.4-diaminowridine in
amvtroDhic lateral sclerosis mttients on a rehabilitation unit.

AUTHOR 1 Aisen ML; Sevilla D; Edelstein L; Blass J

AUTHOR Burke Rehabilitation Center, White Plains, NY 10605, USA.
AFFILIATION:

SOURCE: J Neurol Sci 1996 Jun; 138(1 -2):93-6

NLM CIT. ID: 96383381 (abstract present)

H TITLE: Contribution of a non-inactivating Dotassium current to the resting
membrane Rotential of fusion-comnetent human mvoblasts.

AUTHOR: Bernheim L; Liu JH; Hamann M; Haenggeli CA;
Fischer-Lougheed J; Bader CR

AUTHOR Department de Physiologic, Hopital Cantonal Universitaire,
AFFILIATION: Geneva, Switzerland.

SOURCE: J Physiol (Lend) 1996 May 15;493 ( Pt 1): 129-41
-

NLM CIT. ID: 96330881 (abstract present)

n TITLE: 3.4-Diaminonridine masks the inhibition of noradrenaline release
from chick svmoathetic neurons via r)resvnaDtic abha
2-adrenoceotors: insights into the role of N- and L-tYDe calcium
channels.

AUTHOR Dolezal ~ Huang HY; Schobert A; Hertting G

AUTHOR Institute of Physiology, Academy of Sciences of Czech Republic,
AFFILIATION: Prague 4, Czech Republic.

SOURCE: Brain Res 1996 May 20;721(1-2):101-10

NLM CIT. ID: 96385230 (abstract present)

R TITLE: Toosendanin facilitates [3Hlnoradrenaline release from rat
himocamrlal slices.

AUTHOR Hua-Yu H; Cheng-Wen Z; Yu-Liang S

AUTHOR Shanghai Institute of Physiology, Chinese Academy of Sciences,
AFFILIATION: China.

SOTTRCE: Nat Toxins 1996; 4(2):92-5
.

NLM CIT. ID: 96289783 (abstract present)
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,EVIER Joum.il of [he Neurological Sciences 138 ( 1996) 93-96

JOURNALW TME

NEUROLOGICAL
SCIENCES

A double-blind placebo-controlled study of 3,4-diaminopyridine in
amytrophic lateral sclerosis patients on a rehabilitation unit

Reprinted with permission;

Mindy L. Aisen 8, Daniel Smilla. Lisa Edelstein. John Blass through the Copyright

T/7cBuAcRt,/I(J/2(!/lc7fIo17~cl,lcr 7 ‘-A.’V(ilndrmlccLJ.It M’lt(lt,Pldln!, ,$’}”IWX)5.[ ‘S1 Clearance Center

Rtcel\ed 3 .Au:u.I 1995. rei lx=d lb \o\cmher 1995. ~c:epkd 4 December 1995

Abstract

3.4-Dlaminop} rrdine (D 4P) enhance< aceI} Ichollne relea<e from the ner\e [emlinal and imprmes conduction in demyelirwed axmss

In [hi, double-bllnded plxefw controlled cross wer wd! we examined the effect< of D.AP combined with inpatient rehabilitation in nine
pauems with disatrlin: motor ueal.new due 10 amymrcrphic la[eral Sclermis (.\LS). .4 Single dose of DAP or placebo was increa~ed dail>

m the max]mum (range 10–80 mg) {oierated dose; after patients were ames>ed on the first treatment. the ahema[e drug was gi~en in the
same manner. Functional [ndrpendencc’ Meawremen[ [FINI). Ashwrth. grip mrng(h. limb strength measurements. neme conduction
studies and speech assessments were initiated I /2 h after receiilng the maximum [olerated dose of DAP or placebo. DAP was tolera[ed

in all pa[ients. but limited by gastrointestinal side effects in four patients. The mean pd. serum le\el was 20. I I (SD. = 5.11 ) rig/ml.

‘wring 1.25 (SD. = 0.56) h after do<e A stati$ticall! $ignlfican! Improvement in FIM and speech asessmem scores between admission_-—-
discharge occurred. Ho~e\er. no significant differences in clinical or electroph)siologic measures were seen between DAP and

.ebo treatments. This swd! suggests tha[ Intensive inpat)en[ rehabill(a[ion has a role in the managemem of patients with ALS. IXJIDAP
does not diminish motor )mpaIrmen[.

Ke-\word.\ .Am} mrophic Imeral derows. DlamlnoP}rldlne. RehabllllallfJn

1.Introduction

Amyotrophic lateral sclerosis (.4LS) cause< insidious!
progressive mo[or Meakne~s due m degmeration of p! ra-

midal [racts and mo[or neuronj Con} en!ional mana~emcn[
currenl]i focuses on [re~[]ng the neurological and medical
comp]lca[lons of the illness Recen[l! u e reported the
results of an open ]~FWIstudt of single dose oral 3.4-all -

aminoptridlne (D,4p) combin~d ui[h inpa[ien[ rehabilita-

tion in patients with se\ere Ia[e stage ALS for $: nlP-
Ioma[jc trea:m~n[ of disabling m,-rtor weahne<< ( ,Aisen Cl

al.. 1994), D,Ap is a s]ou potai~iunl channel hl<~cl,er which

enhances acel\ Ichollrte releaw from [h< nem e [tmn[nal and
imPro\e5 c~n-du~[l(ln in unnl~e]lna[ed and dem! elinated
nene The anllnoF)!-ld]ne> haie shown prcrmiw in amen O-

~ting motor ueakne~s In other Cliwase> of cenval and

Wtipheral nenous s!skm (Lundh e[ al.. 1984: Be\er e[

‘ C~s~nd,ng au!hor Te! - I 9 ! -i 946-0(J5(I

@2-510 x/%’s15. cKI c Q96 Else} ]er Sc]ence B V. All ri.-h[s resemed
i’PI/soo22 .510x 196100 (l 12-3

al.. 1994 and Bever et al.. 1990: MCE1OY et al.. 19S9:
Nfurra! and \cwsom-Da\is. 1981 ),

In addition to causing degeneration on motor neurons.

.ALS is associated with corticospinal tract degeneration
wi[h dem!rllnaticm: significant prolongation of central mo-

tor conduction Iatencies hate been reported (Hu.gnn et al..

19S7. ln~ram and Swash. 1987). Our rationale for choos-

ing D.AP as a symptomatic treatment for disabling limb

paresi~ in ALS was based on i[s po[ential for enhancing

central conduction ieloc][! In addi[ion. D.4P can improl e
peripheral s:nap[ic efficiency. and pre\ious studies hale
sug~es[ed short-term benefit in strength in ALS patients

y~en gwanid]ne. ano[her drug which enhances ace[]l -

chollne release from the neme terminal (Norris. 1973).
In [he pilot stud:. D.AP was uell tc]lerawd in patients

with ad\ anced .%1. S. Doses of 20–80 mg appeared m
produce a modest increase in strength and a significant

improvement in functional status. as measured by the

Functional Independence Measure (FI!vl) (Granger e[ al,.

1986). Improvements in strength and functional status

were main[ainecl 1–3 weeks after the drug was discontin-

ued,
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To ascettain whether DAP and/or inpatient rehabilita-
tion have a meaningful role in ALS. we conducted a

double-blind placeb controlled crossover study of the

effects of single oral dose therapy on motor strength.
functional >tatus and nene conduction (NCV).

2. Materials and methods

Nine patients (5 male. 4 female: ages 47-75:0.25-9.00

years since diagnosis) with disabling motor weakness due

to advanced (ALS) were wimitted to the Burke Rehabilita-

tion Hospital. The diagnosis was based on a history of

progressive weakness. clinical evidence of upper and lower
motor neuron dysfunction, electromyographic evidence of

denerwtion in a minimum of three limbs and the exclusion
of other conditions. Before entering the study all patients

had an electrocardiogram. an electroencephalogram. a

complete blood count. and renal and liver function tests:
any significant abnormality precluded study participation.

The protocol was approved by the Institutional Review

Board of the Burke Rehabilitation Hospital. Written in-
formed consent was obtained.

Each patient received daily indi~idualized physical and

occupational therapy. Speech therapy was prescribed to
4/9 patients on the basis of clinical need.

Patients recei%ed a daily oral dose of the drug studied
with either breakfast or lunch. The Burke Rehabilitation

Hospital pharmacy compounded 250 mg lactose with 10
mg DAP in clear gelatin capsules. Placebo capsules con-

tained only lactose. Patients received either DAP or placebo

(“drug I‘) during the first evaluation period. and the alter-
native (’drug 2“) during the second. DAP or placebo was

administered by the pharmacy to patients in code format.

Investigators. thcmpists. md study subjects remained
blinded to dosage contents. The code was not broken until

all subjects compkd [he study and were discharged.

Dcxge starred at 10 mg and increased daily to [he maxi-
mum tolerated dose. which did not exceed SO mg, Patients

were assessed half In hour ~fter receij ing maximum drug

clo$age.

Each patient had clinical and ele~trophysiologic~ eva

uations at admission, within I h after maximum dox

drug 1. within I h after maximum dose of drug 2, and

discharge.

Assessments included nerve conduction tests of [M
motor nerves. usually median and tibial. Neme conductlc
velocities. distal Iatencies, evoked response amplitudes a

F response latencies were recorded. Pulmonary functlc

measurements ( P, May and p. Max) were pefl”orrned by
respiratory theropist. Fumxionid performance was quan[
fied by FM scores generated by a certified occupa[lon:

therapist. The FI\l is an established ~nd \alidated fun

tional status instrument designed for use in [he rehabl]ll:
tion population (Dodds et al,. 1993). The FIM requirt

rating the performance of 18 tasks of daily living from

(dependent) to 7 (independent). and c~lculating the WI

(maximum score 126). Motor function WJS quantified by

neurologist, using the scale de}eloped in the previou

study (Aisen et al.. 1994: Bensimon et al.. 1994: L

comblez et al.. 1989). Strength in founeen indik idu
muscle groups was scored (O = no contraction – 5

normal s[rength) and summed. The Ashworth scale W
used to assess muscle tone (.%hwonh. 1964),

Serum samples were taken every half hour for up [o 2

after patients recei~ed maximum le~els of drug! and DA

concentrations were measured on site with high perfor
mance liquid chromatography. after completion of [h

clinical trial. Statistical analysis of data was performed w

a Nlacintosh 11 computer using the Statview H softwar

program. One factor analysis of variance (.\XOVA) wi

post hoc analysis was performed to compare fidmissio

and discharge performance and DAP and placebo perfor

mance.

3. Results

The awrage length of stay for the study populxion w

20..33 days (S. D. = 4.30 days). The metin maximum tole

oted dose of DAP was 44.44 mg (S. D. = 24.68 m:: r~ny
10 to 80 m:) and O( placebo was 46.1 I mg (S D. = :.l,fi

.A so
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mg: range 10 to 80 mg), Side effects occurred on DAP and

p!acebo as shown in Table 1. and included paresthesia.
— .iety. and abdominal cramping.—

malysis of FIM scores on DAP and placebo showed no
significant difference ( p = 0,902; mean DAP score =

102.44, SD. = 19,11, placebo = 102.67. SD. = 19.16).
However. a statistical]} si,gnifican[ impro~emen[ between
admission and discharge FIN! scores was evident ( p =

0.033). The group mean score increased from 96.5 (S.D. =
18.2]) on admission (O 101.88 (17.84) on dischw-gr.

Motor strength did no[ significant]> change ei{her on
DAP ( p = 0.966: mean DAP score = 55.53. SD. = 11.05:
placebo = 5S,S9. S,D. = 4.49) or betueen admission and
discharge ( p = 0.782: mean D.4P score = 53.61. S.D. =

I 1.0]. placebo = 53.24. S.D. = 13.52). Similarl:. grip

strength recordings and .4shu orth assessments also show eci
no signifjcanl changes,

Speech intelligibility) scores similarl} showed no differ-
ence he[veen D,4P and placebo ( p = 0.480: mean D.4P
score = 47.s(). S.D. = 35,83. placebo = 51.5. S.D = 31.26)

bu[ did improve significant]) between admisiion and dis-
charge ( p = 0.04S6: mean D.\P admission score = 34.00.

S.D, = 35.63. discharge = 50.50. S.D, = 33.2(0).

Nerve conducttcm ]eloc]ties. e\ohed re<ponse ampli-
tudes, and F-wale Ia[encies showed no slgnificfin[ differ-
ences among admlsslon. D.AP. and placebo assessments.
No reyersals in cc,.;duc[ion block. occurred There was also

signllicant chan~e in group PI Max and P, Max perfor--—.—.
nce from admission to discharge and between D.4P and

placebo.

Peak serum Ie\els of DAP ranged from 13-27 ng~ml.
The mean peak serum Ie\el was 20.11 ng~’ml. (S.D. =

5.11 ). The aterage time to peak level was 1.25 h (0.56).
(Fig. l).

4. Discussion

AS in our prel”ious study. subjects created with multidis-

ciplina~ rehabilitation and DAP experienced an improve-

ment in functional s[atus. This stud} showed imprcn’emen[

occurring independent of DAP or placebo treatment. and
uas sustained after all stud) drug was discontinued. .Motor

strength scores increased to a degree u’hich did no[ achieve
significance on both active medication and placebo. and

declined after [he drug was discontinued. These findings

are consistent with our prior open label stud!. and suggest

that changes in strength reflect a placebo effecL. They also
sugges[ that shot-r term in[ensi~e muhidisciplina~ rehabili-

tation improves function in patients with profound impair-

mem and disabilit> from advanced ALS.We conclude [Ita[
oral DAP does no[ have a useful role in the treatmen[ of

adlanced ALS. but tha[ shorl term inpatient rehabilitation

ma!. despite the progressive nature of the disease. Short-
terrn intensi\e inpatient rehabilitation is not con~ entional

in this population, perhaps because of a prevailing belief

that its cost is not warranted in an incurable disease.
Further study is needed to clarify the degree of benefit in

Ierrns of quality of life, morbidity, mortality and eco-

nomics. It is importanl to determine how long lasting these
effects are and explore altemati$es

tion in controlled pilo[ programs.

to inpatien[ rehabilita-
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Treatment with oral 3,4 diaminopyridine
..-. improves leg strength in multiple

sclerosis patients:
Results of a randomized, double-blind, placebo-controlled,

crossover trial

C.T. Bever, Jr., MD; P.A. Anderson, PhD; J. Leslie, PhD; H.S. Panitch, MD; S. Dhib-Jalbut, MD;

O.A.Khan,MD; R.Mile,MD; J.R.Hebel,PhD;K.L.Conway,RN;E.Katz,RN;andK.P.Johnson,MD

Article abstract—ToexaminetheetTcacyandtoxicity of oral3,4diaminop~ridine(DAP/indosages up to 100 mg/day, 36
patients with multiple sclerosis (MS) enrolled in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined necrologic deficit, which was leg weakness in 34
patients. Secondary outcome measures included the patient’s subjective response, scored manual motor testing (MMT) of
leg strength, scored leg strength from videotaped motor testing WMT), quadriceps and hamstrings strength (QMTI
measured by isometric dynamometry, neuropsychological testing (NW ), ambulation index (AI ), and Expanded Disability
Status Scale (EDSSJ score. Paresthesia and abdominal pain were common and were dose limiting in eight patients. Three
patients had episodes of confusion, and one patient had a seizure while on DAP. Eight patients withdrew from the study,
leaving 28 evaluable patients for the efhcacy analysis. The prospectively defined necrologic deficit improved in 24
patients—22 on DAP and 2 on placebo (p = 0.0005}. All improvements were in leg weakness. Subjective response and
measures of leg strength and function (MMT, VMT, QMT, and AI) improved on DAP compared with placebo. Neither NPT
nor EDSS scores improved. DAP treatment can induce improvements in leg strength in MS patients, but toxicity is
&~ting in many patients.

tOLOGY 1996;47:1457-1462

Multiple sclerosis (’MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic necrologic symptoms’ that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.’ Although symp-
tomatic treatments are available for some MS symp-
t.oms,~ there are no pharmacologic treatments for leg
weakness, one of the most common and disabling MS
symptoms, The observations that coolin~ and
changes in serum ionized calcium5 could cause im-
provement of necrologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
logic rather than beingdue h axonal or neuronal

loss. Pathologic studies showing relative present-
ation of axons in areas of demyelinationb supported
this conclusion. Electrophysiologic studies of demy -
elinated nerve fibers shov’ that abnormal potassium
currents contribute to conduction failure by decreas-
ing action potential duration and amplitude.: Potas-
sium channel blockers such as 4-aminopyridine (AP)

and 3,4 diaminop}-ridine (DAP)S improve nerve im-

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.

Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP improves
necrologic deficits9-’4 and function]5 in MS patients,
but has significant toxicity. g’” IGA preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit without significant toxicity,’y but
two subsequent controlled trials using doses up to 80
mglday in di~tided dosage showed little or no bene-
fit.’”h We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to determine the safety, tolerability, and eff]-
cacy of oral DAP in divided doses up to 100 mg/day.
The primary outcome measure w’as improvement in
prospectively defined necrologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The seconda~ outcome measures were the patient’s
subjective response, results of manual motor testing
of lower extremity, ratings of \tideotaped necrologic
examinations. quadriceps and hamstrings strength
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asmeasuredby isornetncdynamometry,neuropsy-
chologicalperformance,ambulation,andoveralldis-
ability.

Methods. Study medication. 3,4 DAP was obtained
from Regis Chemical Corporation (Morton Grove, IL) un-
der an investigational new drug license to C.T.B. and for-
mulated in capsules in the Department of Industrial Phar-
macy, School of Pharmacy, University of .Maryland. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesia but not facial flush-
ing).

DAP dosing. At the beginning of each treatment arm,
patients were dose escalated from one capsule a day up to
five per day (taken at 7 i%w,11 ,kM, 2 PM, 5 PM, and 8 PM)

over a 5-day period. Patients were then maintained at that
dosage unless intolerable side effects occurred, in which
case patients took one-half a capsule five times a day on
the same schedule.

DAP serum levels. Semm samples were drawn 30 min-
utes afkr the 11 AM dose twice during each treatment
period (aRer 1 week on treatment and on the day of the
final evaluation). Coded serum DAP levels were nm using
a previously published methodlg and reported to the study
safety monitor !K.P.J.),whohadtheauthoritytobreakthe
blindandreduceDAPdosageifpotentiallydangerousDAP
levelswereseen.Thestudymonitordidnotbreakthe
blindonanypatientorreducedosage.

Patknts. Thirty-six patients with clinical or laboratory-
supported definite MS20 between the ages of 21 and 65
were enrolled. Only patients with an acceptable study def-
icit were included. This was defined as a new but stable
necrologic deficit or an established deficit that was wors-
ened by heat or exercise. New but stable deficits included
only deficits that had been stable for more than 2 months,
but not present longer than 2 years. Patients with compli-
cating medical illnesses were excluded as were women who
were pregnant or lactating. In addition, patients with a
history of seizures, unexplained syncope, or epileptiform
activity on EEG were excluded. Patients who were unable
to abstain from operating motor vehicles during the treat-
ment periods were excluded. Fertile women were required
to use an acceptable method of birth control. Patients were
permitted to take symptomatic therapies during the trial
but were required to maintain a consistent dosage and
schedule. Where possible, patients were taken off baclofen
during the study, and where this was not possible, dosage
strengths and timing were carefully monitored and main-
tained constant throughout the study. The use of cortico-
steroids and immunosuppressive agents was not permitted
during the study. The study was IRB approved, and all
patients gave informed consent for participation.

Study design. Oral DAP was compared with nicotinic
acid [which was selected because it produces paresthesia
similar to those of DAP, but has no demonstrated effect on
either MS or core body temperature). Patients were ran-
domized to a sequence of two 30-day treatment periods
separated by a 30-day washout period. Efficacy evalua-
tions were carried out at baseline and at the end of each
30-day period by a blinded examining neurologist. Evalua-
tions were earned out in the same facility and at the same
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time of day, and oral temperature was monitored t.a a

1

thatdifferenceswerenotdue to temperature variation&
Safety evaluations. At the end of each treatment “,

nod, CBC with differential; serum chemistries including
electrol~s, blood urea nitrogen, creatinine, LDH, SGO’$
and SGPI’; coagulation profile including prothrombin time
and partial thromboplastin time; and urinalysis were car.
ried out. In addition, ECGS and EEGs were obtained.

Efzcacy evaluations. Prospectively defined necrologic
deficit. During the screening evaluation, the examining
neurologist specified and rated the study deficit. This defi-
cit was rated at the end of each 30-day treatment period,
and at the final evaluation the examining physician indi-
cated whether the study deficit had improved and, if so,
during which treatment period it improved.

Patient subjective response. At the end of each treat-
ment period, patients were asked whether they noted any
improvement in their necrologic deficits, and their re-
sponse was recorded. At the end of the second treatment
period, the patients were asked which treatment had
caused greater improvement.

Manual motor testing (MMT) of leg strength. Strength
in the right and left iliopsoas, quadriceps, hamstrings, gas-
trocnemius, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale. ~’ A
strerw-th score at each time point was obtained by sum-
ming the ratings of the individual muscles.

S~ored vide&aped necrologic examination. The exam-
ining physician’s necrologic examination was recorded at
the end of each treatment period. The paired tapes from
the two treatment periods were reviewed by neurologists
not involved in the conduct of the trial who rated motor
strength in the legs, ambulation, and overall improvement.
Leg strength from videotaped motor testing (VMT) was
rated in the right and left iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.z’ A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary O to 5 scale
and for the global assessment based on the evaluator’s
assessment as to the treatment period during which the
patient appeared better neurologically.

Quadriceps and hamstrings strength 1QMT) measured
by isometric dynamometry. Maximum ffice output of the
quadriceps and hamstrings muscles in isometric contrac-
tion was measured using a testing apparatus consisting of
a computer-controlled hydraulically powered lever firm
coupled to a force transducer (Kin-Corn, Med’*Ex Diawos-
tics, Inc., Canada). Testing was carried out at the same
time of day for each patient at the same ambient tempera-
ture by the same examiner ~P.A.A. ). Patients were tested
seated on the apparatus with 110° of hip flexion and 45’ of

knee extension. Strength was measured in triplicate deter-
minations {with a l-minute rest between replicates] 01
maximum isometric contractions of the quadriceps and
hamstrings muscles using a Kin-Corn testing apparatus.
Strength was expressed in dynes/m2.

NeuropsychoIogical evaluation tFWT). Patients were
tested using the Brief Repeatable Battery of Neuropsych{}-
logical Tests for -Multiple Sclerosis,’z-” which is comprised
of the Selective Reminding Test, the 10/36 Spatial Recall
Test, the Symbol Digit Modalities, the Paced Auditory Se-
rial Addition Task, and Word List Generation Tests. It was



Tabk 1 Summary of necrologic evaluations

Number of patienta
———___ improved

. wome measure DAP Placebo

Study deficit

Patient subjective

Manual motor test score

Quantitative motnr testing

Hamstrings strength *

Quadriceps strength*

Video ratings

Leg strength score

Ambulation score

Global rating

Ambulation index

22

15

17

15

16

17

11

14

5

2

3

4

9

8

8

5

6

0

* Dynealm’.
t Exact binomial probability.
$ From Wilcoxon signed rank test

administered and scored according to published proce-
dures.z’ Tests were administered by the same examiner, at
the same location, at the same time of day for all patients,
and alternate forms were used for each repeated examina-
tion.

__ .tibulation index (AI) and Expanded Disability Status
e (EDSS). Standard necrologic history and examina-

wn were used to score the patients on the EDSS,’& Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the AI.z7

Statistical methods. The treatment response of the
prospectively defined study deficit in each patient was
rated and the patient subjective response assessed at the
end of the second treatment period. The significance of
differences in improvement rates for the study deficit and
the patient subjective response were determined using ex-
act binomial probabilities. Paired scores (DAP treatment
arm versus placebo arm within patients) from MMT, QMT,
VMT, NP’T, and AI were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and AI were calculated for descriptive pur-
poses.

Results. Patient characteristics and retention. Thirty-
.six patients (14 men and 22 women) were enrolled in the
study (tib]e I), The mean age was 44 (range, 21 to 65},

mean EDSS score at ent,~ of 6.0 (range, 2.5 to 9.0), and
disease duration was 15.6 years (range, 2 to 29 years).

Twenty-nine patients had chronic progressive and seven
patients had relapsing-progressive MS. The study deficits
in34 were leg weakness and in 2 arm ataxia. Eight pa-
tienti fai]ed w complew the study—one because of the
_~ence of a urinary tract infection with corhsion and

‘-‘o]ogic deterioration (no, 1), one for personal reasons
. 11), one because of paresthesia and anxiety (no. 17),

f~ because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the
~ence of aspiration pneumonia (no. 33). Twenty-eight
PtMiienta completed the study. Thirteen received DAP dur-
*.<.,

),.,.4
“).,..,

.—
Mean score or power I standard

error

DAP Placebo p value

— —

— —

41.6 = 1.63 39.9 t 1.7

130 = 12 123:11

231 z 27 206 z 25

58.1 T 2.9 56.823.0

4.94 z 0.50 4.4810.49

1.12 z 0.18 0,52 I 0.15

5.0 t 0.41 5.15 * 0.45

o.0005t
0.008t
0.002;

0.001$
0.04$

0.001$
0.054$

0.084:

0.02$

ing the first treatment period, and eight received it during
the second. Although patients were randomly assigned to
treatment order, it was found at the completion of the
study that the group who received DAP first were less
disabled, with an average EDSS score of 4.8 compared
with an average of 7.2 in those who received DAP second.

Adverse events. Thirty-one of 36 patients reported
DAP-relat.ed adverse events. The most common adverse
events were paresthesia, which were reported by 25 pa-
tients on DAP and 5 patients on placebo. Abdominal pain
was reported by 19 patients on DAP and only 2 on placebo.
Confusion occurred in three patients on DAP and no Da-
tient on placetm: however, two of the episodes occurred in
the context of complicating medical ilhtesses—urosepsis in
patient 1 and aspiration pneumonia in patient 33. A grand
ma] seizure occurred in patient 4 while on DAP treatment,
and no seizures occurred during the placebo arm of the
trial. Dose-limiting side effects were encounkred in eight
patients on DAP. This was due to abdominal pain or par-
esthesia in seven and anxiety in one (no. 17), and was
managed by reductions of DAP dosage to 10 mg five times
a day in five patients and by discontinuation of treatment
in three.

Efficacy. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which was improvement in the prospectively de-
fined necrologic deficit. Twenty-four patients im-
proved-22 on DAP and 2 on placebo (p = 0.0005, Fisher’s
exact tzxt 1.

Subjective response. Seventeen patients reported sub-
jective improvement during treatment—14 improved dur-
ing the DAP arm only, two improved during the placebo
arm only (p = 0.009, Fisher’s exact test), and one patient
(no. 10) reported improvement during both arms.

Manual motor testing. MMT of the leg strength (see
table 1) improved in 17 patients during the DAP arm and
in four during the placebo arm (seven were unchanged).
Mean strength scores are shown in figure 1. Patients who
received DAP first are shown separately from those who
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Figure 1. Graph of mean strength scores measured by
manual motor testing over thz 16-week trial in patients
who received DAP during the first (white circles) and sec-
ond (black circh?s) treatment periods.

received DAP second, and because of the difference in av-
erage disability between the two groups, the baseline
means are different. A second analysis was carried out
comparing the scores for all patients during the DAP arm
with the scores during the placebo arm. Although the
mean examination score of 41.6 during the DAP treatment
arm was only slightly higher than the mean score of 39.9
during the placebo arm, the difference between the two
arms was statistically significant ( p = 0.002, Wilcoxon
signed rank test ).

Evaluations of videotaped necrologic examina-
tions. Videotaped necrologic examinations were available
from both treatment periods on 25 patients (see table 1).
Scored leg strength was significantly higher during the
DAP treatment period ( p = 0.001, Wilcoxon signed rank
test). Trends in favor of DAP treatment were seen in both
scored ambulation and global assessment fsee table 1).

Quantitative motor testing. A significant treatment-—— —-——
related improvement was seen in the results of quantita-
tive measurement of quadriceps and hamstrings strength
Isee table 1}. Changes in mean strengths are shown in
figure 2. Again, patients who received DAP first are shown
separately from those who received DAP second, and the
baseline means are different for the two groups. A sepa-
rate analysis comparing all scores for the two treatment
arms showed that mean hamstrings strength was 130

dynesfmz during the DAP-treatment arm compared with
124 dynes/mQ during the placebo arm ~p = 0.001, Wilcoxon
signed rank test). }fean quadriceps strength was 233
dynes/m2 during the DAP-treatment arm and 210
dynes/m’ during the placebo-treatment arm I p = 0.041,
Wilcnxon signed rank test).

Ambulation. Mean AI over the course of the trial is
shown in figure 3. Again, mean baseline AIs for the two
treatment groups IDAP first versus placebo first) were
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Figure 2. Graph of mean quadriceps ~circles) and ham
strings (squares) strength measured by isometric dyna-

mometry ocer the 16-week trial in patients who received
DAP during the first (white symbols) and second (black
symbols) treatment periods.

slightly different. In a separate analysis comparing scores
during DAP treatment with those during placebo treat-
ment, improvements in AI were seen during DAP treat-
ment ( p = 0.022, Wilcoxon signed rank test).

Responder analysis. A responder analysis was carried
out to determine whether improvement in the study deficit
correlated with improvement in MMT, VMT, and QMT.Of
the21patientswhohadimprovementintheirstudydefi

6.6-

4
6.4-

-/

4.2-

(
4-

0 4 8 12 16

Week

Figure 3. Graph of mean ambulation index oLer the 16.
week trial in patients u’ho ;~ceiced DAP during the first
(white circles) and second (black circles) treatment
periods.



T&k 2 Summaty of neuropsychological test results (mean score)

Opcome measure DAP Placebo
——— ——. —

ctive reminding 37.5 T 10.3 36.9 = 12.4

.-,.36 spatial recall 18.8 z 5.0 17.2 z 5.7
flong-term storage}

Symbol digit modalities 34.2 ~ 15.5 34.5 = 17.6

Paced auditory serial addition 66.6 = 24.7 65.4 = 24.0

Word list generation 28.6 = 10.2 27.7 z 9.4

(leg strength), 19 had improvement in at least two of the
other measures, and 10 had improvement in all.

Other eflicacy evaluations. None of the outcome mea-
sures showed evidence of a period or carry-over effect
(Fisher’s exact test, results not given). No significant
treatment-related changes in NP performance were seen
(tab}e 2). NO changes in EMS score were seen during

either treatment arm (results not given). Thirteen of the
22 patients with improvement in their prospectively de-
fined necrologic deficits elected to enter an open-label ex-
tension of treatment.

Serum level data. The magnitude of peak serum DAP
levels correlated with adverse events but not efilcacy. Se-
rum level data were available on 28 patients. DAP was
detected in 26 patients during the DAP-treatment period,
and no DAP was detected in the serum of any patient
during the placebo-treatment period. The mean peak se-
—.: DAP level was 44 ~ 7.4 n~mL. The mean peak level

e 10 patients in whom dosage reduction was necessary
&..G, ta adverse events was 69 I 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 z 7.3 nglmL ( p < 0.05, Stu-
dent’s t test). The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was
41 z 9.1 ng/mL, not significantly different from the mean
for all patients.

Discussion. Treatment with oral DAP in total
daily doses up to 100 mglday produced improvement
in prospectively defined necrologic deficits in MS pa-
tients in a double-blind, placebo-controlled, crossover
trial. In addition, lower-extremity strength, as mea-
sured by manual and quantitative isometric testing,
and lower-extremity function, as indicated by im-
provement in AI, improved. These results are consis-
tent with the results of an open label trial,” One
pre~lous placebo-controlled trial of DAP doses up to
80 mg/day showed subjective but not objective im-
provements in MS patients.lF A second, blinded,
crossover comparison of oral DAP in doses of 40 to 80
mglday with oral AP showed improvement in neuro-
physiologic tests of \tisual function comparable with
A.P,= but no improvements in ambulation, vision,
and Spasticity. T1-se only clinically relevant changes
‘-–’ improvements in concentration in one patient

fatigue in one patient of ten tested. AP produces
S]rni]ar rnot,or improvemenk,g which are related to
total drug exposure, not peak serum concentration.
~though DAP treatment did not improve EDSS
SCOreSas AP treatment did in one trial,’5 five pa-

tientshadimprovementofambulationasreflectedin
theAI.Thepresenttrialisthefirsttoshowsignifi-
cantnecrologicimprovementswithDAP treatment
inarandomized,double-blind,placebo-controlledfor-
mat.
DAP dosesupto100mgldayproducedsignificant

toxicity.Eighty-sixpercentof36 patientsreported
sideeffectsduringtheDAP armofthetrial,whereas
only20%reportedthemduringtheplaceboarm.The
frequencyofsideeffectswas greaterinthistrial
thaninprevioustrialsoflowerdosesofDAP,1828but
comparablewitha trialofAP inwhich70% ofpa-
tientsreportedsideeffectsduringtheperiodofac-
tivetreatment.’5Themostcommonsideeffectswere
paresthesiareportedby25patientsandabdominal
painreportedby 19patientsduringtheDAP arm.
These results are similar to a comparison of DAP
and AP2a and suggest that DAP has greater periph-
eral toxicity than AP. Abdominal pain necessitating
dosage reduction occurred in six patients during the
DAP arm of the present study. Studies of AP did not
produce comparable results because dose titration
protocols were used.’3’5 Patient no. 2, who had no

history of syncope or seizures, had_ a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DA.F’ and A.F’G rarely cause seizures and are
dose and serum concentration related.g Two serious
adverse events (requiring hospitalization) occurred
that were not clearly related to DAP treatment: one
patient (no. 1) developed a confusional episode in the
context of urosepsis while on DAP, and a second
patient (no. 33), who had a histoty of episodes of
choking with airway obstruction, had a similar epi-
sode resulting in an aspiration pneumonia while on
DAP. Similar to the experience with AP,’ DAP toxic-
ity appears to be related to peak serum levels. *TBe-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,30 and
the serum half-life of DAP is shorter than AP,’; a
similar approach might be useful with DAP. Al-
though DAP treatment appears to improve leg
strength and ambulation in some MS patients, it has
significant toxicity, and its use should be limited h
therapeutic trials until definitive trials show that it
is safe and effective.
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A. INGREDIENT NAME;

AMINOPYRIDINE

B. Chemical Name:

Amino-4 Pyridme, Fampridina. 4-Aminopyridme; 4-Prid-e

C. CommonName:

Gamma-Aminopyridine, P-Aminopyridine, P-Aminopyridine (DOT), 4-AP, Avitrol,
Avitrol 200, 4-Pyridylamine, 4-Pyridinamine, Farnpridine

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 99.3’%

E. Information about how the ingredient is supplied:

White crystals, or crystalline powder, odorless.

F. Information about recognition of the substance in foreign
pharmacopoeias:
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H. Information about dosage forms used:

Capsules

I. Information about strength:

10mg

J. Information about route of administration:

Orally

K Stability data:

Melts at about 158.9°
Strong oxidizing agents
Strong acids
Acid chlorides
Acid Anhydrides

L. Formulations:

M. Miscellaneous Information:
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MATERIAL SAFETY DATA SHEET

4-Aminopyridine,98V0
11601

MSDSName:4-Aminopyridine, 98V0

Company Identification: Acres Organics ti.V.

_—_

For
For
For

+---

One Reagent Lane
Fairlawn, NJ 0741CI

information in North America, call: 800-ACROS-01
emergencies in the US, call CHEMTREC: 800-424-9300
emergencies in the US, call CHEMTREC: 800-424-9300

● **’ SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS ****

-------------+--------------------------------------+----------+-----------+

—_

CAS# I Chemical Name I I EINECS# I
l---------------- l -------------------------------------- l----:----+ ----------i

504-24-5 [4-AMINOPYRIDINE 98% [ 207-987-9 I
+----------------+--------------------------------------+----------+-----------+

Hazard Symbols: T+
Risk Phrases: 28 36/37/38

**** SECTION 3 - HAZ-S IDE~IFI~TION ****

EMERGENCY OVERVIEW
Appearance: white.
Danger! May be fatal if swallowed. May be fatal if absorbed through
the skin. Aspiration hazard. Poison! Causes eye and skin irritation.
Causes digestive and respiratory tract irritation. May be fatal if
inhaled.
Target Organs: Central nervous system.

Potential Health Effects
Eye:

Causes eye irritation. Causes redness and pain.
Skin:

Causes skin irritation. May be fatal if absorbed through the skin.
Substance is rapidly absorbed through the skin. Causes symptoms
similar to those of inhalation. Causes redness and pain.

Ingestion:
May be fatal if swallowed. May cause irritation of the digestive
tract. Poison by ingestion. May cause effects similar to those for
inhalation exposure.
2+n oral dose of 590 mg/kg of 4-aminopyridine in a man produced shortne
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ss of breath, nausea, vomiting, hallucinations and distorted perceptio
n. Affects the CNS to produce tremor, excitability and convulsions.

Inhalation:
Inhalation of high concentrations may cause central nervous system
effects characterized by headache, dizziness, unconsciousness and
coma . Causes respiratory tract irritation. May cause seve~e
headaches, nausea, increased blood pressure, weakness, convulsions,
and a stuporous state.

Chronic:
Not available.
None

+*** sEcT1c)N4 _ FIRsT AID ~suREs ****

Eyes:
Immediately flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid immediately. Immediately flush skin with plenty of
soap and water for at least 15 minutes while removing contaminated
clothing and shoes.

Ingestion:
Do NOT induce vomiting. If victim is conscious and alert, give 2-4
cupfuls of milk or water. Nevex give anything by mouth to an
unconscious person. Get medical aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposuxe to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

**** SECTION 5 - FIRE FIGHTING =U~S **+*

General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
may be generated by thermal decomposition or combustion. Containers
may explode in the heat of a fire. Combustible solid.

Extinguishing Media:
In case of fire use water spray, dry chemical, carbon dioxide, or
chemical foam.

Autoignition Temperature: 640 deg C ( 1,184.00 deg F)
Flash Point: 156 deg C ( 312.80 deg F)
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Vacuum or sweep up material and place into a suitable disposal
container. Avoid generating dusty conditions. Remove all sources of
ignition. Provide ventilation.

+*** SECTION 7 _ ~DLING and STORAGE ****

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Minimize dust generation and accumulation. Do not
breathe dust, vapor, mist, or gas. Do not get in eyes, on skin, or
on clothing. Avoid contact with heat, sparks and flame. Do not ingest
or inhale. Use only in a chemical fume hood.

Storage:
Keep away from heat, sparks, and flame. Keep away from sources of
ignition. Store in a tightly closed container. Store k a cool, dry,
well-ventilated area away from incompatible substances. Poison room
locked.
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““’ SECTION 8 - EXPOSURE CONTROLS, PERSONAL PROTECTION ““

Page 3 of 5
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Engineering Controls:
Use only under a chemical fume hood.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+

Chemical Name I ACGIH I NIOSH }OSHA - Final PELsI

/“-------------------1------------------- l------------------- l ----------------- I
I 4-AMINOPYRIDINE Inone listed Inone listed Inone listed
+--------------------+-------------------+-------------------+-----------------+

OSH.A Vacated PELs:
4-AMINOPYRIDINE:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :

Ski-n:

Clothing:

Respirators:

Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 29 CFR 1910.133.

Wear appropriate protective gloves to prevent skin
exposure.

Wear appropriate protective clothing to prevent skin
exposure.

Follow the OSHA respirator regulations found in 29CFR
1910.134. Always use a NIOSH-approved respirator when
necessary.

● **+ SECTION 9 _ PHy.ZJIC+LAND

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:
Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Solid
white
Characteristic
Not available.
0.8 mmHg @25c
Not available.
Not available.
Not available.

CHEMICAL PROPERTIES ****

odor

273 deg C E!760.00xmIIHg
155 - 158 deg C
Not available.
74 G/L (20aC)
Not available.
c5H6N2
94.12

‘“* SECTION 10 - STABILITY AND REACTIVITY ****

Chemical Stability:
stable under normal te mperatures and pressures .

G

Conditions to Avoid:
Incompatible materials, ignition sources.

Incompatibilities with Other Materials:
na aaents, stronq acids, acid chlorides, acid anhydrides

Hazardous Decomposition Products:
Nitroqen oxides, carbon monoxide, carbon dioxide.

Hazardous ~olymerization: Will not occur.

**** SECTION 11 - TOXICOLOGICAL

RTECS# :
CAS# 504-24-5: US1750000

LD50/Lc50:
CAS# 504-24-5: Oral, mouse: LD50 = 19
mg/kg.

Carcinogenicity:

INFORMATION ****

mg/kg; Oral, rat: LD50 = 21
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4-ANINOPYRIDINE -
Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

Epidemiology:
No data available.

Teratogenicity:
No data available.

Reproductive Effects:
No data available.

Neurotoxicity:
No data available.

Mutagenicity:
No data available.

Other Studies:
No data available.

**** SECTION 12 - ECOLOGICAL INFORMATION

Ecotoxicity:
Bioaccumulation: none or low

Environmental Fate:
Not readily biodegradable.

Physical/Chemical:
Not available.

Other:
Not available.

**** SECTION 13 _ DISpOS~ CONSIDEFVLTIONS

DlsDose of in a manner consistent with federal, state, and

Page40f5

****

local regulations.

RCI& D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCRA P-Series: waste number PO08
RCRA U-Series: Not listed.

.—= This material is banned from land disposal according to RCRA.

*++* sECTION 14 . T~SpcIRT INFORMATION ● ***

US DOT

IMO

IATA

Shipping Name:
Hazard Class:

UN Number:
Packing Group:

Shipping Name:
Hazard Class:

UN Number:
Packing Group:

Shipping Name:
Hazard Class:

UN Number:
Packing Group:

RID/ADR
Shipping Name:

Dangerous Goods Code:
UN Nunber:

Canadian TDG
Shipping Name:
Hazard Class:

UN Number:

AMINOPYRIDINES
6.1
2671
II

AMINOPYRIDINES
6.1
2671
II

AMINOPYRIDINES
6.1
2671
II

AMINOPYRIDINES
6.1(12B)
2671

AMINOPYRIDINES
6.1
UN2671

**** sECTION 15 _ Regulatory

US FEDERAL

INFORMATION ****

TSCA
CAS# 504-24-5 is listed on the TSCA inventory.

Health k Safety Reporting List
None of the chemicals are on the Health & Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b
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None of the chemicals are listed under TSCA Section 12b.
TSCA Significant New Use Rule

None of the chemicals in this material have a SNUR under
SARA

Section 302 (RQ)
final RQ = 1000 pounds (454 kg)

Section 302 (TPQ)
CAS# 504-24-5: TPQ = 500/10,000 pounds

Section 313
No chemicals are reportable under Section 313.

Clean Air Act:
This material does not contain any hazardous air
This material does not contain any Class 1 Ozone
This material does not contain any Class 2 Ozone

Clean Water Act:
None of the chemicals in this product are listed
Substances under the CWA.
None of the chemicals in this product are listed
Pollutants under the CWA.
None of the chemicals in this product are listed
under the CWA.

OSHA:

Page50f5

TSCA.

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
4-AMINOPYRIDINE can be found on the following state right to know
lists: California, New Jersey, Pennsylvania, Massachusetts.
California No Significant Risk Level:
None of the chemicals in this product axe listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: T+
Risk Phrases:

R 28 Very toxic if swallowed.
R 36/37/38 Irritating to eyes, respiratory system
and skin.

Safety Phrases:
S 1 Keep locked up.
S 37/39 Wear suitable gloves and eye/face
protection.
s 45 In case of accident of if you feel unwell, seek
medical advice immediately (show the label where
possible) .
S 28A After contact with skin, wash immediately with
plenty of water.

WGK (Water Danger/Protection)
CAS# 504-24-5:

Canada
CAS# 504-24-5 is listed on Canada’s DSL/NDSL List.
This product does not have a WHMIS classification.
CAS# 504–24-5 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

MSDS Creation Date: 3/01/1994 Revision #7 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.

.—. --------------------------------------------------------------------------------

}~1{L.toproductinformation.



Ecothiopate lodide/Guanidine Hydrochloride 1421
F+ummuaculaz blocking agenrssuch as afracuriumand
#mium. 1It was suggestedIhat becausz of iLsshorrer du-
~ of action and lesser effec{ on the vagus. edrophonium
~! be ~ more sullahle a~emz However, although ii has a

# rapid onset of acttrm] !hizn neosogmirw and dots nol
‘-. IO re-mduce blrrcktide on repealed admmistralior$ ILS

treatthent of Alzheimer’s disease but has been re- Eaton-bmbefi myasthenicsyndrome.Agem.s such as

ported 10 produceadversehaematologicaleffects. fampridincwhich increase release of acelylcholine from

References.
nerve terminafs may be effective in the treatment of Eaton-
Lamberl myasthenic syndrome. aeep,1414. Some references

I Unni LK. et al Kmcllcs of cholunesterasc Inhibition by to the use of fampridinc sre given below.
cptasttgmlnc In man Eur J cjfmpho?~c~l [99[:41:834

2. Amen A. rr al. Pharmacodynambcs and pharmacokincrics of &
A~nslon S, et 01. Effe.zrsof 4-amirwpyrldine m Earon Lambcn

cp(a~ttrmlnc tn =J*rN ~ubJ@ls Eur J cjfn pka~~c~l 1993
wndm~ B, JAnaesth 1978:50 383-s,

45: 373-6 Multiple sclerosis. Fampridine has potassium-channel
blocking achvity arrd hsa been tried in the wealment of multi-
ple sclerosis to improve conduction m demyelinated fibres;

Eseridine Salicylate (4522.m)

improvements have been reporied in walking, dexterity. and
vision. btu only smafl rmmbcm of patients have been studied

Eseridme 5ahcyfate (rfNNM).
For a discussion of the management of multiple sclerosis, in-

cluding mention of fampridine, see p.657. Some references m
Esenne Ammoxide %Acytate; Eserme Oxk!e Sahcyfatc: Phy$ the use of fampridine are given below.
osrigrmne Arnmoxide Sahcytare: Pfrysosr@ne Af-CJxfdeSak- ) D.mwFA r al. Orally actministcmd4-ammopyrldmc Impmvcs
cyfate. (4a5,9aS)-2.3,4,4 a,9,9a-Hexahydro-2.4 a.9-rnmetfVl- ~“_ff 1 ;.c mica s! s m muhiple sclerosw Ann Neuml 199fJ,27: lff&

I;2-oxanno[6,5-b]mdof.6-ylmethyfcarbamtesafrcyiate.
C15H2, NjOl, C7H603 = 429.5.

2 Bcver ~. <1 al. The effects of 4-ammopyridmc m mukiplc

6+’-” sclcrostspauenrs: rtwdm of a randommd. placebo. conuoOcd,

C.AS — 25573 -4.3-7 (esendine); 5995-96-O (eseridme so/- double-blmd. concenmtion<antmlled, crossover real. Neumi.

tcylatej.
Ogv Iw.1: 44: 10.s4-9

Eseridine saiicylate is art inhibitor of cholinesterase
activity that has been given by mouth in prepara-
tions for dyspepsia and other gastric dlsorderx. lt has
also been studied for use in the treatment of Alzhe-
imer’s disease.

A study! of the pharmacokinelics of eseridine salicylatc fol-
lowing orat administration as crrafdrops or granules.
1. Aslier A. Pctttpn O. Pharmacokmeucs of an anttcholmcstera-

SICagent (esenn N-oxydcj in humans after admirustration of
[WOgalenic forms. J Pharmacol Chn 1985:4:52 I -7.

Ii!!
.!@cf well 3E, el aI Antagomsm of vecuronium a“d swacurmm:

m~~n Qf ncOsl%mtnc and cdrOphonlum admlnl~ttr~ at
Preparations

5% Jwilcb heigh! rtcovery Br J Anarrrh 1967;5947Y+B I Nam.fa of pmpsrmiorrs am Iiswd Mow: dads am gwen m Parr 3.
AasJcyBA, ef al. Elccrncal and mechanical rcspc+mcsafter PrOprieeary Preparations

~gmfs~ with rmowipnrmc m cdmpfmm.m B, J A“at$,h ‘c’ ‘ti*rinc
ummuaadar blockade wilh vecuromum. and mb.wqucnl m-

19a-L 599s3-s Mutti-ingrectient Pmspantion= Fr: VagoMmtt.

F
‘, s2JdwelJ ~. el al. Anmgonism of profound neuromuscular

blcxksd$ mductd hy vccummum or atracunum. compamon
of ncosngmme With edrophomum ,% J Anaeslh 19S6: 5S:

:?12ss9.
7. Miakbur RK.e!al Anlaconlsm of vccuronmm-induced neu. L_Fampridine WM..)

L%&iscuiar blncksdt wni edmphomum or ntmugmtnt. r9r J
.,;@ossrh 1987;5947.3-7.

“.rattiedde L. cr al Chemical wcapnm. B, Alni J 1991:302: ~K4;p’NN”L-97fl Fampridma. 4-Aminop@ne: 4-Pyridinamine

.mlasifM. Recovery charac!ensllcs afler early ●dmmis!rt-
,.n of anticholine$wnsscsduring mtcnsc mwacurium-mduced

V ncurumuaculsr blcxk. r9r / Anar,rfh f995. 74:20-5.
l& Msddinerd VR. eI al. RecovcC of ml~ acunum block ~llh ~
‘ without andcholincsmnws follmwng admmtstralion by com
$ tinuW~ infusions, Anatslhr,la 1994149z 94WS

!$ Connofly FM. e! al. Antapon!sm cJ mn acurium hlocL wtlh
cdrnphonium from vutoub dcgrcc, of spontancow recovery

$’ BrJAnaesrh 1995; 74:229-30
,.

idre bite. For [he use of antichohnc<temses m the treal-
nent of snake-bite, see under L!scs and Administration of Ne-
Jat@rrine Mcthylsulphare. p. I -S24.

&&ottsxin poisonhrg. Administration of edrophorrium
ntmvenous]y has produced an immediaw increase m molor

power in patients with req’malo~ distress and paresis or R-
iuced muscle power following Inges[}on of puffer fish
:Splaeroides ~cularu,f w Amrhrrm swllafus). Recove~

nay be accelerated by subsequen[ [rearmen[ with z long-acl-
mg ar)ticholinesmrme such a$ nemtigmlne In mild poiwrmng
uncomplicated by resp,ralop dmress or paralysis. neo\lig-
inins given alone I“tram”scu lfirly ha. produced marked im-
~vement of p~ef[hcs[aa“dnumbness.

[.”~cw’ SK, ~, ~1 A“tl~ho\lnt<!cr~sc dru:s in tht trcmnxn! d
~rlCtiwoxin ~imnlng L“cr, 1984: ii: 108

P&@yatiOflS
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Bp 1993: E&&h;;,;; I“lK,,G”:
~$~ 23: Edmpho”i”m Chlondc ln@lOn

‘W~GtSW Praaarations
Cal@:
Gmdtol

En(on:
n; USA,

‘%’ :.’; ., 7~p~stigrnine {137861)

wgnrine (rfNN) Y

‘&~thyl-N.hepVlphysost!gmi.e (3?.-(,5

~ydro- 1,3a,8-rnmethylpyrrolo[2 .3-b]mdo~

‘aMate.

~33N302 = 359.5 \

‘~s - /01246 -68.8
;+CI.i

7

7
Lwtigmine js a reversible inhjbltor of cholineste

~* activity; i~ is a lipophilic derivative of phys-
~~~ne (see p,] 424), ]t is being sludied in the oral ~
.-> .

Gis “—.504-24-5.

Fampndine enhances the release of acetylcholine
from nerve terminals and has been used intrave-
nously in some countries to reverse the effects of
competitive (nondepolarising) muscle relaxants. It
has also been tried by mouth and intravenously in
the management of a number of neurological disor-
ders including Eaton-Lambert my,asthenic syn-
drome, multiple sclerosis, and Alzhelmer’s disease,

and for the reversal of neuromuscular blockade in
patients with botulism. The overall treatment of
these conditions is described on p.1414 (Eaton-

Lambert mymthenic syndrome), p.657 (multiple
sclerosis). p. 1413 (Alzheimer’s disease under De-

mentia). and p.1615 (botulism).

Fampndine has also been considered as a specific

antidcrle in pmsoning with calcium-channel blockers
such as verapamil.

Adverse effects, especially seizures. may limit its

use.

References

~1 AgowmS. /er a Antapnmsm of kemmmc-dmzcpam anae<fhc-
sla hy 4 am1nopyrtd8nc m human volunteers Br J Anaeslh

“’0’” ‘K”6’ “ao’5 ’:367-70
E\enhu&< J. CI al Pharmacohlnct$c<or +amlnopyndlnc In hu-

Uo”. man volu.!ccrt Br J Anac.r!h 1981i 53: 567-9

—--(2 %s” f
c PM, c! al 4- Amlnopvr!dme and hacmod!aiyw, m the

L I o ~crapamtl mmxbcauon Hum TOIICd 1985. 4:
3~7-9

Alzheimer’s disease. Fampridme errhance< acety Ichol!ne

i release from nerve rerrmnals and ha. been med m the IrcaI -

L mcm of Alzhmmer’s diwase. For a dmcuss!on of the manage-
mem of Alzheimer’s disease and mher demen[ms and [he

~ ,rano.strea,mc”t%that are bc,ngmed, see mdertlerncrm o“
h p 1413. Some reference? 10 the use of fampndine in !hc IreaI -

mem of Alzhelmer’s d]sease we p!~en ‘ncIow.

b wcwch”g H. ?r ./ Eflecr< of 4.mntmapyndanc m eldmi, pa
Luerm ul!h Alzhclmer”%dlsca.c N En$r J Med )9S4, 31(J: 988-

Jism. Fampridme IS one of several agent> Ihu[ have been

LOreverse neuromuscular blockade in p.men[s w,th fmt-

.1615.

Galantamine Hydrobromide (+.517-S)
GalamammeH@obromide (rfNNM).
Gatanrhamme H@r-obromick Galamhamim Hydrobromi-
dum. 1,2.3.4,6,7,7s. I Ic-Octahydro-9-methoxy-2-methyfben-
zofuro[4.3 ,2-efg]~]beruazocin-6-ol hydrobromide.
C17H2j N03,HBr = 368,3.
G4S — 357-70-0 (golcmtomine); / 953-04-4 [golontomme

hydrobromfde).

Phorrnrzcopoea2sIn Chin.

The hydrobromide of galantamine,an alkaloid which has
been obramed from the Caucasian snowdrop (Voronov’s
snowdrop].Gakwdru.rmwrrrnowii (Amaryllidaceae), and re-
Iatzd species,

Galantaminehydrobromideis a reversible inhibitor
of choiinesterase activity, with actions similar to
those of neostigmine (see p.1422). It has been used
to ctmail the muscle rclazation produced by com-
petitive (non-depolafising) muscle relaxants such as

tuboeurarine and gallamine.

Galamamine hydrobromide is a long-acting inhibiror of
cholinesicrase activity which crosses the blocd-brain banier
and ISbeing studied in patients with Alzhcimer”s disease }and
in mania: for discussions of the management of these disor-
ders. sec underDernemia.p.1413 arrd under Bipolar Disorder.
P.~M res~ctiveiy. Like phyaostlgmine i( is reported m re.
verse opto)d-induced respiratory depression without affecnng
armlgewa ‘ The pharmacokineucs of galamaminc have been
smdied,a~
1. ?homp=n T. CI al Galanthammc hydrobromrde m a long-le~

trcatmcm of Alzhemw’s dl$eax. Drmcnrm 1990, J: W-5 I
2 Snorrmon E. Smfanswn JG Galanrhamtnc hydrobrOmid<in

mama Lam-cl !’WI:337:557.
3. Wcnwx-k M. c! al Effec[ of physowlpmmc on morphine-in.

duccd posqcrative pam and somnolence Jfr J Anorrtl, 1982
54; 4?+-.U.

4. Wc$Ira P. e, al Phamracokmetws of galanthmmne la lon~.acl-
!ng antlchrdmewerasc drug) m anae%thetlzcd paucnts Br J
Anorslh 1986.58: 130.~7.

S. BICLCI U. e! al. Pharmacok!ncncs cd galantham!nc in human%
and cormpond)ng cholmes!crasc mhtbtlmn CIIn Ph. rmard
T/lcr 1991. 50:420-8

Preparations
Names of prcparahons are listed below: demils am g!uen In Pmr 3

Proprieury Pmpantions
Aufl Nwalnr: hal.. Niwdinat.

Guanidine Hydrochloride (12807-c)

CarbamldmeHydrozhlonde; ImmoureaHydrochloride.
CH5N3.HCI = 9S.53.

CA5 — I 13-00-8 (guomdme); 50-01-1 (guon!d!ne hydro-
chloride).

Guanidine hydrochloride enhances the release of
acerylcholine from nerve terminal$ and although i[
has been given by mouth to reverse neuromuscular
blockade in pa[ients with botulism, ils efficacy has
nor been established. Guanidine hydrochloride has
also been mied in Earon-Lamberf myasthenic syn-
drome and other neurological disorders. but its use
has been associated with bone-marrrw suppression
in some pal Ients.

Botulism. Some references to Ore u$e of ~ummdlne to reverse
neuromu.wular blockade in palien[~ wit!? bo[ul)%m are FIven

~i~bol t dcno[es a preparation no ionger actlwly mmkere~
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References: P. van Amerongen, Curr. med. Re$. @J;-
niorr, 19?9, 6, 93; C. Vauterin and M. Bazot, ibid.. 10I;
S. Bernstein, ibid.. 107.

-, Proprietary Names
—. Survector (Euthirapic, Fr.j.

12359-p

Aminobutyric Acid. Gamma-aminobutyric
Acid; GABA. 4-Aminobutyric acid.
C4H9N02=103.1.

CAS — S6-1 2-2.

White crystals with a bitter taste. Freely soluble
in water; slightly soluble in hot alcohol: practi-
cally insoluble in other organic solvents.

Aminobutyric acid is believed to act as an inhibi-
tory neurotransmitter in the CNS. It has been
claimed to be of value in cerebral disorders and
coma and to have an antihypertensive effect.
Adverse effects have included gastrminteatinal
disorders, insomnia, headache, and pyrexia.
Over a period of 2 months 7 patients with Huntington’-
chores were treated wilh aminobutyric acid starting at a
dose of I g and increasing to 12 to 32 g daily. Two
patients gained improvement of function and a decrease
in choreiform movemen~ and a thi~ patient ahow~
moderate improvement.— R. Fkher ef af. (letter), Lmr-
cer, 1974, 1, 506.
Severe peripheral vascular collapse occur-redin one of
the authors 90 minutes after taking 8 g of chromat-
graphically pure aminobutyric acid.— T. L. Perry et al.
(letter), Larce~, 1974. /, 995. Doses of I to 2 g daily
and 40 g given over 48 hour-ahad prcduced no serious
side-effects.— R. Fisher et al. (ieuer), ibid., 1347.
~-vinyl aminobutyric acid, an irreversible inhibitor of
aminobutyric acid transaminaae, had a beneficial effect
in 7 of 9 patients with tardive dyskirrcsiawhen given by
mouth in doses ranging from 2 to 6 g daily, Dyskineaia
was aggravated in the other 2 patients. Sedation was the
most prominent side-effect.— G. P. Tell et al. (letter),
New Engl. 1. Med.. 1981, 30S. 581. See also J. Grove et
al. (letter), Lmcet, 1980, 2. 647.

proprietary Nstmea
Gamarex (Causyth, /ta/.): Gamrnslon (Daiichi, Jap.h
Mielogen (Made, Spain).

12360-n

Aminohydroxybuty ric Acid. 4-Amin@3-
hydroxybutyric acid.
C4H9N0, = 119.1.

CAS — 352-21-6.

Odourlcss white crystals or crystalline powder
with a slight characteristic taste. Very soluble in
waten very slightly soluble in alcohol, chloro-
form, and other organic solvents.

Aminohydroxybuty ric acid has been claimed to
be of value in neurological disorders and to have
an an tih ypertensive effect. Adverse effects have
included dizziness and anorexia.

Propriety Names
Aminoxan (~aken, Jap.): ~gii (~brenre, .$p~in);
Gabimcx (Gramon. ,4r .): Gabob (Jap.); Gamibetal

f(lSF, Ital.; O.o, Jap.; 1 sa, Switz.k Gabomade (Made.
Spain/; Gaboril (Scber. Spain).

12361-h

Aminomethiazole Tartrate. 2-Amino-4-
methylthiazole hydrogen tartrate.
C4H6N2S,C4H606= 264.3.

Aminomethiazole tartrate is an antithyroid agent.

Proprietary Name5
Normotiroide (Vita. 110[.).

Aminonitrothiazole (B. Vef. C. /965). Amin-
onitrothiazolum. 2-Amino- 5-nitrothiazole.
C3H3N?02S=145.1.
C 4S— 1320-42-9.
Pharmacopoeias. In Nerd.

A greenish-yellow to orange-yellow light odour-
Iess powder with a slightly bitter taste. Slightly
soluble in waten soluble I in 250 of alcohol and
of ether; practically insoluble in chloroform.

Aminonitrothiazole has been used in veterinary
medicine in the prevention and treatment of
blackhead (histomoniasis) in turkeys and chick-
ens, and in the treatment of canker (tri-
chomoniasis) in pigeons.

12363-b

Aminopicoline Camsylate. 2-Amino-4-met-
hylpyridme camphor- 10-sulphonate.
c~HsN*,c10H,604s = 340.4.

Aminopicoline camsylate has been used for its
reputed beneficial effect on the circulation.

Proprietary Names
Pirieardio (Nfage/, ital.).

12364-v

4-Aminopyridine.
C5H6N2=94.1.
CAS — S04-24-5.
4-Aminopyridine is reported to reverse the effects
of nondepolarising muscle relaxants and to have
analeptic effects. Improvement of myasthenia
gravis has been reported. Aminopyridine hydro-
chloride and aminopyridine sulphate have been
used.
Referenecs W. C. f30wman et al., J. Pharm. Pharmac..
1977, 29, 616; H. Lundh et al., J. Neurol. Neurosurg.
%ydsiar., 1977, 40, 1109; S. Agoston rt al., E? J.
Anaeslh.. 1978, 50, 383; H. Lundh tr a[., J. Neurol.
Nerrrosurg. Psychiat., 1979. 42. 171; S. Agoaton er al.,
B/. J. Anaesrh.. 1980, 52. 367; J. Evenhuis C( al., ibid..
19gl. 33, 567.

proprietary Names
Pymadin.

12365-g

Aminorex. Aminoxaphen; McN-742. 2-
Amino-5-phenyl-2-oxazoline.
C9H10N20= 162.2.

CAS — 2207-50-3.

Aminorex is an anorectic agent which was with-
drawn from use &cause of ita association with
pulmonary hypertension which somecimcsproved
fatal.

12366-q

Ammonium Wnzoate (ff.P.C. f949). Amm@
nii Benzoas; Ammonium Benzoicum.
C6H5.C01NH4=139.2.

CAS — 1863-63-4.

White almost odour[esa scaly crystals. SoIcrble1
in 6 of water, I in 30 of alcohol, and 1 in 8 of
glycerol. Incompatible with acids, fruit syrups,
ferric salts, and alkali hydroxides and carbonates.

Ammonium bertzoate has been used for increas-
ing the acidity of the urine and as an expectorant
in chronic bronchitis.

12367-p

Ammonium Citrate /E.P.c. f949J, Ammorr.
Cit.
C6H@7(NH,)3=243.2.

CAS — 3458-72-8.

A white or almow white, very deliquescent, crys-
talline powder with a saline taste. It tends to lose
ammonia and to be partly converted to an acid
salt. Very soluble in water. Store in airtight con-
tainers.

Ammonium citrate has been used as a mild
expectorant and diuretic. After absorption it is

converted into carbonate and urea and ~.

the alkalinity of the urine only slightly:s

12368-s

.4mmonium Perstdphate (B.P.C. .:{$~tif~
(NH,) 2S20*=228.2.

CAS — 7727-544.
$

‘:4 ‘ A
Colorless odour[ess crys!a!s or white’ ~&~*&
crYsta[[ine powder, contammg about 7% ‘~:~
[able oxygen. SoIuhfe 1 m 2 of wa~e~ ~~
insoluble in dehydrated alcohol. It M sh~e ~
normal conditions of storage but it d+
rapidly at about 95°. It decom~ .i~a~
presence of moisture and of traces of;+
metallic impurities. Store in a cool ,- ~

airtight containers. Protect from light. ~~.{~:
,,.

Ammonium persulphate is a. powerful, -
agent which has been used tn photagra~y~
various industrial processes. Strong aolutj~ ~

irritant to the skin. . . ,\*,,~i

Severe reactions, including ,..i?~~=;
10ss of co~

occurred after using hair bleach eorstaining~
persulphate.— C. D. Calnan and S. Sh~,.+
~&n8i,1 %3, 88.81 L per J. .k. comet.Chenr,.ij%j,

:. .anbw

12369-w
)*? (;8J

Ammonium Phosphate (f J.S.N.F.,B.ljqti6v
[949). Diammonium Hydrogen Phosphatey,m~
monium hydrogen orthophosphate.
(NH4)2HP04= 132.1.

@

Z;ilj” ,

CAS — 7783-284 . ‘“l$&ti. . . .
P.

Pharmacopoeias. In US. IV.F. .~nikmm
T

Colorless crystals or granules witd,:~?~
odour and a- saline taste. Loses ammooia~m
exposure to air, forming some ammonium :dih@.
rogen orthophosphate, NHiH#04. SohafAe]lsln-2
of wate~ practically insoluble in alcoh&~Ar~S
solution in water has a PH of 7.6 to ,QIA
1.76% solution k iso-osmotic with serurri. -
pstible with alkalis, ferric salts, and &.b%f
heavy metals. Store in airtight containersil ,

%5
Ammonium phosphate WasfOrme~lY’ @A ~
diuretic. It may be used as a bufferirtt :~ea
pharmaceutical preparations.

*
0 ‘:

+;iq?i,: *

12370-m
$

:;i;g ;

Ammonium Salicylate.
a

... I
C7H9N0,=155.2. ,Jw .!s5

.,.fl. ...-—.... ..
CAS — 528-94-9. ., .E.@j$
Ammonium salicylate has been used tO,@&.?g
skin disorders. . .
Prsmrietssrw Names
hl;~~~v-;s;gcn 7Pearsorr, Ger.).

. ,,J’ u
‘! 2SOQ

12371-b
46*

IGE&~

Amoscanate. GO-9333; c-9333-Go/CGl
4540. 4-p-Nitroanilinophenyl isothiocyart~
C13HgN@=271.3.

*

m
,: ,,.,

:.. ,;

“ ii

!!lP’”
[w

.3~L-
,1

CAS — 26328-534. ,.,~y

A tasteless yellow substance. M.p. 204°J ~
Practically insoluble in water. ‘f.,.

Amoscanate is an anthelmintic ~t~,@
related to bitoscanate (see p.89). ItIS,c?
against hookworm, Arrcylosfoma duode~~
Necator americanus, and against Schis!f.w
mamsoni and S. japonicrsrrt; it has limit? -
against S. haematobium. s“’
Adverse effects reported include gastr&l
effects, skin rash, and giddiness. ,’;~j,.j

References: B. J. Vakil cv a/.. Trans. R. SW f~p:
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Authors
Segal JL. Brunnemann SR.

Title
4-Aminopyridine improves pulmonary function in quadriplegic
hmans’ with longstanding spinal cord injury.
Sburce
Pharmacotherapy. 17(3):415-23, 1997 May-Jun.

Abstract
STUDY OBJECTIVE: To test the hypothesis that
4-aminopyridine (4-AP) might cause clinically evident
improvement in pulmonary function in humans with chronic
spinal cord injury (chronic SCI). DESIGN: Balanced,
open-label study with subjects consecutively enrolled.
SETTING: Spinal Cord Injury Service, university-affiliated
tertiary level care Department of Veterans Affairs Medical
Center. PATIENTS: Seventeen healthy men and women suffering
from traumatic SCI (11 quadriplegic, 6 paraplegic patients)
for more than 1 year. INTERVENTIONS: Each subject was given
a qx~e of 4-M? 10 mg oraIly in an immediate-release
for’aiulatiori.MEASUREMENTS AND MAIN RESULTS: Significant
increases in mean values of forced expiatory volume i.n 1
second (FEV1), forced vital capacity (FVC), maximal
inspiratory pressure (MIP), and;~ e@ratory pressure
(MEP) ‘that persisted for at lea&~’12 hourti were
demomstmte$l ‘inqua,dri legic P#!i%’ienbbeginning 6 hours

r~4-~aUiKnistrat .,.
?

Tests of pulmonary function that
demon~trated statistical y significant increases at any
time were also numerically, if not statistically, increased
at 24 hours compared with pretreatment values obtained in
4-JW-naive subjects. CONCLUSIONS: The administration of a
single dose of an immediate-release formulation o? 4-AP to
humans with longstanding, traumatic quadriplegic is
associated with sustained, clinically meaningful, and
statistically significant improvements in pulmonary
function. We suggest that the administration of 4-AP may
have a salutary effect in patients suffering from SCI and
appears to be associated with potentially clinically
significant reductions in the pathophysiologic pulmonary
sequelae of SCI.

<4>
Authors

Schwid SR. Petrie MD. McDermott MP. Tierney DS. Mason
DH . Goodman AD.

Title

F

Quantitative assessment of sustained-release
4-aminopyridine for symptomatic treatment of multiple—
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sclerosis.
Source
Neurology. 48(4):817-21, 1997 Apr.

Abstract
OBJECTIVE: To evaluate the efficacy of 4-aminopyridine
sustained release (4AP SR) (fampridine, EL-970) using
quantitative measures of motor function in multiple
sclerosis (MS) patients. BACKGROUND: In vitro, 4AP improves
conduction through demyelinated axons. A previous
multicenter trial of 4AP SR using the Expanded Disabi.li.ty
Status Scale (EDSS) as the primary outcome was unable to
establish clinical efficacy. DESIGN/METHODS: Ten MS
patients with stable motor deficits (EDSS 6.0-7.5) were
given 4AP SR 17.5 mg bid and placebo for 1 week each in a
double-blind, placebo-controlled, crossover trial. Time to
walk 8 meters, time to climb four stairs, maximum voluntary
isometric contraction measured quantitatively (MVICT),
manual muscle testing (MMT), grip strength, EDSS, and the
patient’s global impression were measured. RESULTS: T~m@
gait wzis~oved on 4AP SR compared with placebo in 9 @
10 subjects (p = 0.02). Timed stair climbing, MVICT, MM’T,
grip strength, and EDSS showed nonsignificant improvements
on 4AP SR. Based on their global impressions, seven
subjects preferred 4AP SR over placebo; only one preferred
placebo. There were no serious side effects. CONCLUSION:
4AP SR improved motor function in MS patients. The
quantitative outcomes used in this study permit more
sensitive evaluation of the therapeutic effect and promise
to be useful in future trials of symptomatic treatments for
MS.

<5>
Authors
Chang FC. Bauer RM. Benton BJ. Keller SA. Capacio BR.

Title
4-Aminopyridine antagonizes saxitoxin-and
tetrodotoxin-induced cardiorespiratory depression.

Source
Toxicon. 34(6):671-90, 1996 Jun.

Abstract
Antagonism of saxitoxin-and tetrodotoxin-induced lethality
by 4-aminopyridine was studied in urethane-anesthetized
guinea pigs instrumented for the concurrent recordings of
medullary respiratory-related unit activities (Botzinger
complex and Nu. para-Ambiguus) , diaphragmatic
electromyogram, electrocorticogram, Lead II
electrocardiogram, blood pressure, end-tidal C02 and
arterial 02/C02/pH. The toxin (either saxitoxin or

_-
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tetrodotoxin) was infused at a dose rate of 0.3
microgram/kg/min (iv.) to produce a state of progressive
cardiorespiratory depression. The animals were artificially
ventilated when the magnitude of integrated diaphragm
activities was reduced to 50% of control. Immediately after
the disappearance of the diaphragm electromyogram, the
toxin infusion was terminated, and 4-aminopyridine (2
mg/kg, iv.) was administered. The therapeutic effect of
4-aminopyridine was striking in that the toxin-induced
blockade of diaphragmatic neurotransmission, vascular
hypotension, myocardial anomalies, bradycardia and aberrant
discharge patterns of medullary respiratory-related neurons
could all be promptly restored to a level comparable to
that of control condition. The animals were typically able
to breathe spontaneously within minutes after
4-aminopyridine. At the dose level used to achieve the
desired therapeutic responses, ~inopyridine produced no
sign of seizure and convulsion. Although less serious
side-effects such as cortical excitant/arousal and
transient periods of fascicular twitch could be observed,
these events were of minor concern, in our opinion,
particularly in view of the remarkable therapeutic effects
of 4-aminopyridine.

<8>

Authors
Chen HM. Lin CH. Wang TM.

,Title
Effects of 4-aminopyridine on saxitoxin intoxication.

Source
Toxicology & Applied Pharmacology. 141(1):44-8, 1996 Nov.

Abstract
Effects of 4-aminopyridine (4-AP) on neurotoxicity induced
by saxitoxin (STX) are investigated in this study. In
vitro, twitch tension evoked by nerve stimulation was
depressed by STX (1.35 nM) in rat phrenic nerve-diaphragm
preparations, and this inhibition was antagonized by 4-AP
(0.1 mM). In addition, 4-AP (0.1 mM) restored the firing of
membrane action potentials that were suppressed or even
abolished by 0.334 nl+lSTX in frog sartorius muscles. In
vivo studies showed that 4-AP (0.3 mg/kg, iv) significantly
reversed the respiratory rate, tidal volume, and blood
pressure to normal values in anesthetized STX-toxicosis
rats. Furthermore, 4-AP (0.75-6 mg/kg, ip) no: cnly
prolonged the survival time but also decreased the
mortality of mice (71-43%) at a normally lethal dose (3o
micrograms/kg, ip) of STX. The results suggest that 4-AP
may be useful as an antidote for STX intoxication.
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Perez-Espejo MA. Haghighi SS. Adelstein EH. Madsen R.

Title
The effects of taxol, methylprednisolone, and
4-aminopyridine in compressive spinal cord injury: a
qualitative experimental study.

Source
Surgical Neurology. 46(4):350-7, 1996 Oct.

Abstract
BACKGROUND: Taxol is a diterpene alkaloid that stimulates
tubulin production in cells. It may be effective in
preserving the cytoskeleton of spinal cord axons after
injury. METHODS: Thirty-nine rats were submitted to spinal
cord compression. The animals were divided into three
groups that received taxol (18.75 mg/m2),
methylprednisolone (30 mg/kg), or 4-aminopyridine (1
mg/kg ). Taxol was administered as one dose immediately
after injury and two additional doses on days 14 and 21.
Methylprednisolone was given as a single injection
immediately postinjury. Four-aminopyridine was administered
on days 25, 26, and 27. A group of nine injured animals
served as a control without any treatment. Evoked
potentials were recorded before, during, and 4 weeks
postinjury. Behavioral tests were measured to evaluate
recovery of motor function. RESULTS: The taxol and
methylprednisolone-treated animals demonstrated a
significant improvement in comparison with the control
group. No functional improvement was found at 1 mg/kg
treatment of 4-aminopyridine in rats. CONCLUSIONS: We
conclude that taxol and methylprednisolone given shortly
after the compression injury improve functional outcome
after an incomplete spinal cord injury.

<12>
Authors

Wananukul W. Keyler DE. Pentel PR.

v Title
Effect of calcium chloride and 4-aminopyridine therapy on
desipramine toxicity in rats.

Source
Journal (U Toxicology - Clinical Toxicology.
34(5):499-506, 1996.

Abstract
BACKGROUND: Hypotension is a major contributor to mortality
in tricyclic antidepressant overdose. Recent data suggest
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that tricyclic antidepressants inhibit calcium influx in
some tissues. This study addressed the potential role of
calcium channel blockade in tricyclic
antidepressant-induced hypotension. METHODS: TWO
interventions were studied that have been shown previously
to improve blood pressure with calcium channel blocker
overdose. CaC12 and 4-aminopyridine. Anesthetized rats
received the tricyclic antidepressant desipramine 1P to
produce hypotension, QRS prolongation, and bradycardia.
Fifteen min later, animals received CaC12, NaHC03, or
saline. In a second experiment, rats received tricyclic
antidepressant desipramine 1P followed i.n15 min by
4-ami.nopyridine or saline. RESULTS: NaHC03 briefly (5 rein)
reversed hypotension and QRS prolongation. CaC12 and
4-aminopyridine failed to improve blood pressure. The
incidence of ventricular arrhythmias (p = 0.004) and
seizures (p = 0.03) i.nthe CaC12 group was higher than the
other groups. CONCLUSION: The administration of C&C12 or
4-aminopyridine did not reverse tricyclfc
antidepressant-induced hypotension in rats. CaC12 therapy
may possibly worsen both cardiovascular and central nervous
system toxicity. These findings ~~ support a role for
calcium channel inhibition in the pd~ogenesis of tricyclic
antidepressant-induced hypotension..

<15>
Authors
Pickett TA. Enns R.

Title
Atypical presentation of 4-aminopyridine overdose.

Source
Annals of Emergency Medicine. 27(3):382-5, 1996 Mar.

Abstract
4-Aminopyridine (4-AP) is an investigational drug for the
treatment of necrologic disorders including multiple
sclerosis (MS). Until recently, relatively little was known
about 4-AP toxicity in overdose: the only recorded cases
involved necrologic symptoms ranging from mild parasthesias
to tonic-clonic seizures. We report a case of accidental
4-AP overdose that resulted in continuous, dystonic,
choreoathetoid-type movements that responded to treatment
with standard anticonvulsant dosages of benzodiazepines.

<17>
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Haghighi SS. Pugh SL. Perez-Espejo MA. Oro JJ.

Title
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Effect of 4-aminopyridine in acute spinal cord
Source
Surgical Neurology. 43(5):443-7, 1995 May.

Abstract
BACKGROUND: The demyelination process has been

injury.

proven to be
an important factor contributing to long-term sensory and
motor impairments after spinal cord injury (SCI). The loss
of myelin promotes exposure of K+ channels in internodal
region of the damaged myelinated axons leading to K+ efflux
into the neurons with subsequent blockage of action
potentials. The potassium channel blocker 4-aminopyridine
(4-AP) has been effective in restoring some sensory and
motor impairment in incomplete SCI patients. The effeCt of
this compound given immediately after an acute injury is
not known. The objective of this study was to determine if
blockage of K+ ions efflux immediately after an acute SCI
would improve neuronal conduction in this model of injury.
METHODS: Cortical somatosensory evoked potentials (SSEPS)
were recorded before and after a weight-induced compression
injury of 120 grams, and were monitored up to 5 hours
postinjury. A randomized treatment was initiated with
administration of either vehicle or 4-AP. All 4-AP
treatments were given as intravenous bolus injections of
1.0, 0.5, and 0.3 mg/kg at 1, 2, and 3 hours after the
trauma. RESULTS: The SSEPS were abolished immediately after
the injury i.n all control and treated animals. Both groups
showed spontaneous recovery of the SSEPS at the rate of
44.5% for the 4-AP treated and nontreated groups at the
second hour postinjury. This recovery rate remained the
same for both groups at the end of the experiments.
CONCLUSIONS: Based on the recovery of the SSEPSA our data
indicate that early administration of 4-AP ~ any
beneficial effect on axonal function during acute stage of
spinal cord injury.

<26>
Authors
Hayes KC. Potter PJ. Wolfe DL. Hsieh JT. Delaney GA.
Blight AR.

Title
4-Aminopyridine-sensitive necrologic deficits in patients
with spinal cord injury.

Source
Journal of Neurotrauiia. 11(4) :43 ~-46, 1994 Aug.

Abstract
4-Aminopyridine (4-AP) +.sa potassium channel blocking
agent with the ability to restore conduction in

— demyelinated internodes of axons of the spinal cord. The
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present investigation sought to obtain electrophysiologic
evidence of the effect of 4-AP in ameliorating central
conduction deficits in a group of patients (n = 6) with
spinal cord injury (SCI). The group was selected on the
basis of having temperature-dependent central conduction
deficits. 4-AP (24-25 mg total dose) was delivered
intravenously at 6 mgh-1 or 15 mgh-1 while somatosensory
evoked potentials (SEPS) and motor evoked potentials (MEPs)
were recorded as indices of central conduction. Two
patients exhibited marked increases in the amplitude of
cortical SEPS, and in one of these, 4-AP brought about a
reduced central conduction time from L1 to cortex. Four
patients revealed increased amplitude MEPs with concomitant
reduction in latency indicative of enhanced conduction in
corticospinal or corticobulbospinal pathways. Two of these
patients demonstrated increased voluntary motor unit
recruitment following 4-AP. Clinical examination revealed
reduced spasticity (n = 2), reduced pain (n = 1), increased
sensation (n = 1), improved leg movement (n = 3), and
restored voluntary control of bowel (n = 1). These results
support the hypothesis that 4-AP induces necrologic
benefits in some patients with SCI. They are also
consistent with the emerging concept that pharmaceutical
amelioration of central conduction deficits caused by focal
demvelination may contribute to the management of a select
grofip of patient; with compressive or contusive SCI.

<27>
Authors
Li L. Zhang YP.

Title
//’ [TheraDv of experimental autoimmune myasthenia qravis in

V rabbit~-with 4Laminopyridine and 3,4-diaminopyr~dine] .
[Chinese]

Source
Chung-Kuo Yao Li Hsueh Pao - Acts Pharmacologic Sinica.
15(4):358-62, 1994 Jul.

Abstract
The autoimmune myasthenia gravis (AMG) in rabbits was
produced by intradermal injection of N-AChR-rich membrane
vesicles isolated from the electric organ of Narcine
limlei. After iv. 4-aminopyridine (4-AP) 0.8 mg.kg-l to 8
AMG rabbits, their general posture improved promptly, the
features Lf gastrocnemius compound action potentials and
toe twitches elicited by 4-Hz stimuli applied to the
sciatic nerve returned to normal, and the tetanic plateau
evoked by 50-Hz indirect stimulation was again well
sustained. This improved condition lasted 9.1 +/- 2.5 h.
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Other 8 AMG rabbits given 3,4-diaminopyridine (3,4-DAP) 0.4
mg.kg-l showed a similar improvement for 9.3 +/- 3.1 h.
These results indicated that 4-AP and 3,4-DAP were
effective in treating the AMG in rabbits, they may be
useful in the clinical treatment of myasthenia gravis
patients.

<29>
Authors
Polman CH. Bertelsmann FW. de Waal R. van Diemen HA.
Uitdehaag BM. van Loenen AC. Koetsier JC.

Title
4-Aminopyridine is superior to 3,4-diam.inopyridine in the
treatment of patients with multiple sclerosis.

Source
Archives of Neurology. 51(11):1136-9, 1994 NOV.

Abstract
OBJECTIVE: To compare the efficacy and toxicity of
4-aminopyridine and 3,4-diaminopyridine in patients with
multiple sclerosis. DESIGN: Intervention study with a
before-after design and a randomized, double-blind,
crossover design. SETTING: University referral center.
PATIENTS: Twenty-four patients with definite multiple
sclerosis who had been treated in a previous clinical trial
with 4-aminopyridine. INTERVENTIONS: Nonresponders to
treatment with 4-aminopyridine (14 patients) were treated
with 3,4-diaminopyridine in a 4-week, open-label trial with
doses up to 1.0 mg/kg of body weight (before-after design).
Responders to treatment with 4-aminopyridine (10 patients)
participated in a comparative study of 6 weeks’ duration
with 4-aminopyridine and 3,4-diaminopyridine according to a
randomized, double-blind, double-crossover design. MAIN
OUTCOME MEASURES: Neurophysiologic variables for
nonresponders, necrologic functions and symptoms on a
visual analogue scale for responders, and side effects for
both groups. RESULTS: Toxicity profiles of 4-aminopyridine
and 3,4-diaminopyridine were different, and systemic
tolerability was reduced for 3,4-diaminopyridine.
4-Aminopyridine was more effective than
3,4-diaminopyridine, especially for ambulation, fatigue,
and overall daily functioning. CONCLUSION: Our data suggest
that, concerning both efficacy and side effects,
4-aminopyridine is superior to 3,4-diaminopyridine in the
treatment of patients with multiple sclerosis.

<30>

—_ Authors
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Title

&

The effects of 4-aminopyridine on cognitive function in
patients with multiple sclerosis: a pilot study.

Source
Neurology. 44(9):1701-5, 1994 Sep.

Abstract
4-Amhopyridhe (4-AP) has a favorable effect on the
disability of certah patients with MS. We investigated the
effect of 4-AP on neuropsychological performance in 20 MS
patients using a randomized, double-blind,
placebo-controlled, crossover design. Although there was a
trend for improved performance with 4-AP for two of the
tests, we could not demonstrate significant effects of 4-AP
on cognitive function.

<32>
Authors
Bever CT Jr.

Title

.-k

The current status of studies of aminopyridines in patients
with multiple sclerosis. [Review] [29 refs]

- Source
Annals of Neurology. 36 SUPP1:S118-21, 1994.

Abstract
Because the symptomatic treatments for multiple sclerosis
(MS) are limited, new approaches have been sought.
Anatomical studies of MS lesions show a relative
preservation of axons, and clinical studies suggest that
some of the neurological impairment in patients with MS is
physiological. Electrophysiological studies suggest that
demyelination exposes axonal potassium channels that
decrease action-potential duration and amplitude, hindering
action-potential propagation. Potassium channel blockers,
including aminopyridines, have been shown to improve nerve
conduction in experimentally demyelinated nerves. Two
potassium channel blockers, 4-aminopyridine (AP) and 3,4
diaminopyridine (DAP) have been tested in patients with MS.
Preliminary studies of AP demonstrated benefit in many
temperature-sensitive patients with MS, and improvement of
function was found in a large randomized double-blind,
placebo-controlled crossover trial of 3 months of oral
treatment in 68 patients with MS. An open-label trial of
DAP showed improvement in some deficits, and a double-blind
placebo-controlled trial showed significant improvements in
prospectively defined neurological deficits. A crossover
comparison of the two agents suggested that AP produces
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more central nervous system side effects (dizziness and
confusion) , whereas DAP produces more peripheral side
effects (paresthesias and abdominal pain). Both agents have
rarely caused seizures. These studies suggest that
aminopyridines may provide a new approach to the
symptomatic treatment of MS. [References: 29]

<33>
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Title
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The effects of 4-aminopyridine in multiple sclerosis
patients: results of a randomized, placebo-controlled,
double-blind, concentration-controlled, crossover trial.

)
Source

il

Neurology. 44(6):1054-9, 1994 Jun.
- Abstract

@ Because 4-aminopyrM.irm (AP) improves residual deficits in
anms mu2tiple saUwmsis (MS) patients but has a narrow
toxic-to-therapeutic margin, we compared the safety and

———_ efficacy of two target peak serum concentration ranges
(low: 30 to 59 rig/mland high: 60 to 100 rig/ml).We
enrolled eight MS patients with temperature-sensitive
visual and motor deficits in a randomized,
placebo-controlled, double-blind, crossover trial of
short-term oral AP treatment. We randomized patients to a
sequence of three treatments on three separate days:
placebo, low serum concentration, and high serum
concentration. We determined dosing to achieve the desired
steady-state peak serum concentration ranges from a test
dose and population pharmacokinetic parameters using
bayesian estimation. Contrast sensitivity, standard
necrologic examination, ratings of videotaped necrologic
examinations, and quantitative strength assessment all
improved with treatment, but flicker fusion frequency,
visual evoked response latencies, and Expanded Disability
Status Scale scores did not. All patients experienced side
effects during the high-serum-concentration arm. A grand
mal seizure occurred at a serum AP level of 104 rig/ml, and
an acute confusional episode occurred at 114 rig/ml. AP
treatment produced improvements in residual deficits in MS
patients, but the occurrence of significant toxicity
suggests that AP serum levels should be monitored and peak
levels above 100 rig/ml should be avoided.
Concentration-control methodology may be useful in testing
putative treatments for other necrologic diseases.

—
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<36>

Authors
Polman CH. Bertelsmann FW. van

Title
// 4-aminopyridine in the treatment

Loenen AC. Koetsier JC.

of patients with multiple

k’ scleros~~. Long-term efficacy and safety.
Source
Archives of Neurology. 51(3):292-6, 1994 Mar.

Abstract
OBJECTIVE: To study the long-term efficacy and safety of
4-aminopyridine in patients with multiple sclerosis.
DESIGN: Case series, follow-up varying from 6 to 32 months.
SETTING: University referral center. PATIENTS: Thirty-one
patients with definite MS, 23 of them being exposed to
long-term administration (6 to 32 months) of
4-ami.nopyridine, since they showed a favorable initial
response to the drug. INTERVENTIONS: Long-term oral
treatment with 4-aminopyridine in da~ly doses of up to 0.5
mg/kg of body weight. MAIN OUTCOME MEASURES: Necrologic
functions and symptoms as reported by the patients; side
effects. RESULTS: Twenty of 23 patients who showed a
favorable initial response benefited from long-term.
administration. Ambulation and fatigue (each in 13
patients) and visual ftmctiwn {in tim!s’patl@nft6Ywere most
frequently reported to be improved. Three major side
effects did occur during a follow-up of 406 patient months:
a generalized epileptic seizure in two patients and
hepatitis in one. CONCLUSIONS: Although a substantial
proportion of patients with multiple sclerosis seem to
benefit from long-term administration of 4-aminopyridine,
additional
the drug.

<40>
Authors
van Diemen

studies are needed to clarify the exact value of

HA. Polman CH. van Donqen MM. Nauta JJ.

6$ Strijers RL. van Loenen AC. Berte~smann FW. Koetsier JC.

P

Title
4-Aminopyridine induces functional improvement in multiple
sclerosis patients: a neurophysiological study.

Source \
Journal of the Neurological Sciences.

G
116(2’ :=0- , 1993

Jun.
Abstract
This study reports on the neurophysiological measurements
that were performed in the context of a randomized,
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double-blind, placebo-controlled, cross-over study with
intravenously administered 4-aminopyridine (4-AP) in 70
patients with definite multiple sclerosis (MS). A
beneficial effect of 4-AP was found for both visual evoked
response and eye movement registration parameters. This
study extends the experimental data obtained on animal
nerve fibers, showing that 4-AP can improve impulse
conduction in demyelinated nerve, to clinical data which
indicate that 4-AP induces an abjective improvement in the
central nervous sys~ function in 14S-patients. It thereby
also provides a theoretical basis for clinical efficacy of
4-AP in MS.

<42>
Authors

Hansebout RR. Blight AR. Fawcett S. Reddy K.
Title

p~
4-Aminopyridine in chronic spinal cord injury: a
controlled, double-blind, crossover study in eight patients
[see comments].

Source
Journal of Neurotrauma. 10(1):1-18, 1993 Spring.

— Abstract
The potassium channel blocking drug 4-aminopyridine (4-AP)
was administered to eight patients with chronic spinal cord
injury, in a therapeutic trial based on the ability of the
drug to restore conduction of impulses in demyelinated
nerve fibers. The study was performed using a randomized,
double-blind, crossover design, so that each patient
received the drug and a vehicle placebo on different
occasions, separated by 2 weeks. Drug and placebo were
delivered by infusion over 2 h. An escalating total dose
from 18.0 to 33.5 mg was used over the course of the study.
Subjects were evaluated neurologically before and after the
infusion. Two subjects returned for a second trial after 4
months and were examined daily for 3 to 4 days following
drug infusion. Side effects were consistent with previous
reports. Administration of the drug was associated with
significant temporary necrologic improvement in five of six
patients with incomplete spinal cord injury. No effect was
detected in two cases of complete paraplegia and one of two
severe incomplete cases (Frankel class B). Improvements in
necrologic status following drug administration included
increas> motor control and sensory ability below the
fijury, and reduction in chronic pain and spasticity. The
effects persisted up to 48 h after infusion of the drug,
and patients largely returned to preinfusion status by 3
d~y~ . Compared with the more rapid elimination of the drug,

—
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these prolonged necrologic effects appear to involve a
secondary response and are probably not a direct expression
of potassium channel blockade.

<43>
Authors
Hayes KC. Blight AR. Potter PJ. Allatt RD. Hsieh JT.
Wolfe DL. Lam S. Hamilton JT.

Title
Preclinical trial of 4-aminopyridine in patients with
chronic spinal cord injury.

Source
Paraplegia. 31(4):216-24, 1993 Apr.

Abstract
4-Aminopyridine (4-AP) is a K+ channel blocking agent that
enhances nerve conduction through areas of demyelination by
prolonging the duration of the action potential and
increasing the safety factor for conduction. We have
investigated the effects of 4-AP (24 mg total
dose-intravenous) in 6 patients with spinal cord injury (3
complete, 3 incomplete) with the intent of overcoming
central conduction block, or slowing, due to demyelination.
Vital signs remained stable and only mild side effects were
noted. The 3 patients with incomplete injuries all
demonstrated enhanced volitional EMG interference patterns
and one patient exhibited restored toe movements. The
changes were reversed on drug washout. There were no
changes in segmental reflex activities. These results are
consistent with those obtained from 4-AP trials with animal
models of spinal cord injury, showing modest therapeutic
benefit attributable to enhanced central conduction.

<44>
Authors
van Diemen HA. van Dongen MM. Dammers JW. Polman CH.

Title
Increased visual impairment after exercise (Uhthoff’s
phenomenon) in multiple sclerosis: therapeutic
possibilities.

Source
European Neurology. 32(4):231-4, 1992.

Abstract
The Uhthoff symptom, a transient impairment of visual
function after exercise, is demonstrated in 2 multiple
sclerosis patients. Following exercise, impairment of
visual function, as documented most clearly by the testing
of contrast sensitivity, was less obvious after body

—
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surface cooling and after treatment with orally
administered 4-aminopyridine. It is hypothesized that both
treatment modalities improve the nerve conduction safety
factor and thereby prevent the occurrence of a conduction
block, which is believed to be the mechanism underlying the
Uhthoff symptom.

<47>
Authors
van Diemen HA. Polman CH. van Dongen TM. van Loenen AC.
Nauta JJ. Taphoorn MJ. van Walbeek HK. Koetsier JC.

Title
The effect of 4-aminopyridine on clinical signs in multipl=
sclerosis: a randomized, placebo-controlled, double-blind,

~cross-over study.
Source
Annals of Neurology. 32(2):123-30, 1992 Aug.

Abstract
To find out whether treatment with 4-aminopyridine is
beneficial in multiple sclerosis (MS), 70 patients with
definite MS entered into a randomized, double-blind,
placebo-control led, cross-over trial in which they were
treated with 4-aminopyridine and placebo for 12 weeks each
(maximum dose, 0.5 mg/kg of body weig~. The estimated
effect of the treatment as measured with the Kurtzke
expanded disability status scale, which was the main
evaluation parameter, was 0.28 point (p = 0.001). A
significant decrease in the scale score (1.0 point or more)
was encountered in 10 patients (16.4%) during oral
treatment with 4-aminopyridine whereas it was not seen
during placebo treatment (p less than 0.05). A significant
subjective improvement (defined as an improvement that
significantly affected the activities of normal daily life)
was indicated by 18 patients (29.5%) during 4-aminopyridine
treatment and by 1 patient (1.6%) during placebo treatment
(p less than 0.05). Significant improvements related to
4-aminopyridine occurred in a number of neurophysiological
parameters. No serious side effects were encountered.
However, subjective side effects such as paresthesia,
dizziness, and light-headedness were frequently reported
during 4-aminopyridine treatment. Analysis of subgroups
revealed that there was no difference in efficacy between
those patients randomized to receive 4-aminopyridine and
then placebo and these randomized to receive placebo and
then 4-aminopyridine or between patients with and those
without subjective side effects. Especially patients with
temperature-sensitive symptoms and patients characterized
by having a longer duration of the disease and being in a
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progressive phase of the disease were likely to show clear
clinical benefit.

<48>
Authors
Nockels R. Young W.

Title
Pharmacologic strategies in the treatment of experimental
spinal cord injury. [Review] [127 refs]

Source
Journal of Neurotrauma. 9 Suppl 1:S211-7, 1992 Mar.

Abstract
Remarkable advances have been made in pharmacologic
treatments of acute and chronic spinal cord injury. The
recent National Acute Spinal Cord Injury Study (NASCIS)
showed that very high dose methylprednisolone given within
8 hr after injury improves necrologic recovery. The
mechanism is believed to be inhibition of lipid
peroxidation. Many other drugs have been claimed to be
beneficial in animal studies, including other lipid
peroxidation inhibitors, free radical scavengers, opiate
receptor blockers, NMDA receptor blockers, calcium channel
blockers, inhibitors of arachidonic acid metabolism, and
protease inhibitors. In chronic spinal cord injury, much
progress also has been made. Myelin was found to possess
factors that inhibit axonal regeneration. Blocking these
factors enhances spinal cord regeneration. Monosialic
gangliosides (GM1) were recently found to improve
necrologic recovery in spinal-cord-injured patients. Given
as late as 48-72 hr after injury, the mechanism of action
is not well understood. However, the GM1 results give hope
that recovery mechanisms can be manipulated
pharmacologically. Nonregenerative therapy for chronic
spinal cord injury is also being developed. Several drugs,
including 4-aminopyridine and baclofen, respectively
blockers of potassium channels and GABA-B receptors,
improve conduction in demyelinated axons. These drugs may
be useful for identifying patients who might benefit from
remyelination therapy. Finally, NASCIS has complicated
acute spinal cord injury studies. To bring a drug to
clinical trial, an investigator must now determine the
optimal treatment dose, timing, and duration over a range
of injury severities, in comparison and combination with
methylprednisolone. This requirement has so increased the
scale of drug testing that multicenter laboratory trials
may be necessary. [References: 127]
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<50>
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Stefoski D. Davis FA. Fitzsimmons WE. Luskin SS. Rush
J. Parkhurst GW.

Title
4-Aminopyridine in multiple sclerosis: prolonged
administration.

Source
Neurology. 41(9):1344-8, 1991 Sep.

Abstract
In an earlier study, we demonstrated efficacy of single
oral doses of 4-aminopyridine (4-AP) in improving motor and
visual signs in multiple sclerosis (MS) patients for a mean
of 4.97 hours. We attempted to determine whether efficacy
could safely be prolonged using multiple daily doses over
several days by administering 7.5 to 52.5 mg 4-AP to 17
temperature-sensitive MS patients in one to three daily
doses at 3- to 4-hour intervals over 1 to 5 days in a
double-blind study. Nine of these patients were also tested
with identically appearing placebo. Thirteen of the 17
patients (76%) given 4-AP showed clinically important motor
and visual improvements compared with three of nine in the
placebo group. Average peak improvement scores were 0.40
for 4-AP and 0.12 for placebo. Seventy percent of the daily
4-AP improvements lasted 7 to 10 hours. Th~.;improvements
for two consecutive doses of 41+P lasted a mean of’7.U’Z
hours (83% of the average 8.53-hour tr~~t-observation
period] compared with 2.36 hours for pladbb ,[26*DfWi@
average $k~ur treatment-observation period). No serious
side effects occurred. 4-AP is a promising drug for the
symptomatic treatment of MS.

<51>
Authors
Blight AR. Toombs JP. Bauer MS. Widmer WR.

Title

k

The effects of 4-aminopyridine on neurological deficits in
chronic cases of traumatic spinal cord injury in dogs: a
phase I clinical trial.

Source
Journal of Neurotrauma. 8(2):103-19, 1991 Summer.

Abstract
A Phase I trial of 4-aminopyridine (4-AP) was carried out
in 39 dogs referred to the veterinary teaching hospital
with naturally occurring traumatic paraplegia or
paraparesis. The rationale for the study was provided by
the observation that 4-AP restores conduction in
demyelinated nerve fibers in experimental spinal cord



Page Number : 17

k

injury. Most injuries (77%) resulted from degenerative disk
disease, occurring at or near the thoracolumbar junction,
and producing chronic, complete paraplegia. Neurological
examination of each dog was recorded on videotape before
and at intervals after administration of 4-AP. The drug was
administered systemically in total doses between 0.5 and 1
mg/kg body weight. Three areas of neurological status
changed significantly at 15-45 minutes following
administration of 4-AP: (a) striking improvements in
hindlimb placing occurred in 18 animals; (b] increased
awareness of painful stimuli to the hindlim.b in 10 animals;
(c) partial recovery of the cutaneus trunci muscle reflex
of the back skin in 9 animals. These effects reversed
within a few hours of administration. Other animals (36%)
showed no change in neurological signs except a slight
enhancement of hindlhtb reflex tone. Significant side
effects were seen in 6 dogs receiving higher intravenous
doses, with elevation of body temperature and apparent
anxiety, leading to mild seizures in 3 of the animals.
These seizures were controlled with di.azepam. The results
indicate that conduction block may contribute significantly
to functional deficits in closed-cord injuries and that
potassium channel blockade may prove to be a valid, if
limited approach to therapeutic intervention in chronic
paraplegia and paraparesis.

<52>
Authors

Wiseman EJ. Jarvik LF.
Title

Potassium channel blockers: could they work in Alzhei.mer
disease?. [Review] [38 refs]

Source
Alzheimer Disease & Associated Disorders. 5(1):25-30, 1991
Spring.

Abstract
Many of the actions of potassium channel blockers, such as
4-aminopyridine, appear to complement the deficits in
Ahzheimer disease. The two clinical studies in the
literature are contradictory, so potassium channel blockers
may still merit trial in Alzheimer disease. [References:
38]

<59>

Authors
Davis FA. Stefoski D. Rush J.

Title
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Orally administered 4-aminopyridine improves clinical signs

k

in multiple sclerosis [see comments].

)

Source
~ Annals of Neurology. 27(2):186-92, 1990 Feb.

Abstract

Y

& 4-Aminopyridine (4-AP), a potassium channel blocker,
r~ conduction in blocked, demyelinated animal nerve.

?
IX% administration to multiple sclerosis (HS) patient8
produces transient neurological improve-. Vision
improves after either oral or intravenous administration,
whereas motor function improvement has been reported only
with the latter. To assess further its potential as a
practical symptomatic treatment, we studied the efficacy of
single, oral doses of 4-AP on both visual and motor signs
in MS. Twenty temperature-sensitive male MS patients were
given either 10 to 25 mg of 4-AP or identically appearing
lactose placebo capsules. Static quantitative perimetry,
critical flicker-fusion, visual acuity, visual evoked
potentials, and videotaped neurological examinations were
monitored. All of 15 MS patients given 4-AP mildly to
markedly improved. Motor functions (power, coordination,
gait) improved in 9 of 13 involved, vision in 11 of 13, and
oculomotor functions in 1 of 2. Improvements developed
gradually at doses as low as 10 mg, usually beginning
within 60 minutes after drug administration, and reversed
gradually over 4 to 7 hours. No serious adverse effects
occurred. No significant changes were observed in 5 MS
patients gimnrplacebo. Me conclude that orally
administered 4-AP produces clinically important
improvements in multiple, chronic deficits in MS. Further
studies are warranted to assess efficacy and safety of
prolonged administration.

-——
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4-Amjnopyridine in Multiple Sclerosis

4-aminopyridine(4-AP),ablockerofpotassiumchannels,prolongsthedurationofnerveaction
potentials,andimprovesconductionindemyelinatedaxons

American and European studies over the last 6 years have confkrned its eff!cacy in the symptomatic
treatment of MS relatedfatigue,muscle weakness, and the heat sensitivity experienced by MS patients.
Our Center has treated over 200 patients using short-acting orally administered doses as needed or 3 to 4
times daily. Side effects have been minimal.

This compound is not yet FDA approved for general use, but can be prescribed by our Center

Contact:
1-713-798-7707
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4-6 4-Aminowridine Improves PUIIIIOIWY Fu~ctio~
< L 1 .

in Quadriplegic H;mans with Longstanding

-.

Spinal Cord Injury

Jack L. Segal, M.D., FACI?FCP,andShcq R.BrunncmamB.S.

StudyObjective.TOtestthehypo~hesischat+arninopyidine(4-AP)might
causeclinicallyevidentimpro~emencinpulmonaryfunctioninhumans
withchronicspinalcordinjury(chronicSCI).

Desigrt. Balanced, open-Iabel scud? ~-i[h subjects consecutively enrolled.
Setting. Spinal Cord Injury Service, university-affiliated tertiary level care

Department of Veterans Affairs Medical Center.

Patients. Seventeen healthy men and women suffering from traumatic SCI

(11 quadriplegic. 6 paraplegic patients) for more than 1 year.
Interventions. Each subject was given a single dose of 4-AP 10 tug orally in

an immediate-release formulation.
Measurements and Main Results. Significant increases in mean values of

forced expiatory volume in 1 second (FEVI),forced viul capacity (WC),

maximal inspiratory pressure (MIP). and maximal expiatory pressure
(MEP) that persisted for at least 12 hours were demonstrated in

quadriplegic patients beginning 6 hours after +.\P administration. Tests of
pulmonary function that demonstrated statistically significant increases at
any time were also numerically, if not statimically, increased at 24hours
comparedwithpreueatmen[valuesobtainedin4-AP-naivesubjects.

Conclusions.The administrationofa singledoseofanimmediate-release
formub[ionof4-APtohumanswithlongstanding,traumaticquadriplegic
isassociatedwithsustained,clinicallymeaningful,andstatistically__ ——. —,—-———

-slgnlflcantlmprovemtis~rnonary function.We su~estthatthe._——__—— .__...-.-
‘1~m~i3~~AP mayhaveasalutaryeffectinpatientssufferingfrom
SCIandappears[obeassocia~edwldqxmuu~l.yclinicallysignificant_.— ———
reductionsinthepachophysiologcpulmonarysequelaeofSC1.‘“”—-

(6aGFr~~~~~~~$~-2~j----- -–.. --------

A

lmpalred pulmonary function is a
pa[hophysiologlc sequels of cewical spinal cord
[njuq SC1). Splrorne[ryand sta[lclung volumes

and capacitiesare alteredat the time O( injury.’

Diminished respiratory muscle strength causes

decreases In maximal expiatory pressure (MEP)
and max~mal lnspiratorv pressure (MIP)and
contrlbu Ies LOthe morbidity and mortal it) of
both [he acute and chronic phase of inju~-. i-’ .+
res[r]c:l’.? aeiec: In pulmona~ func[lon causeci
51 pa:; .rs Is J[ ;ht muscles 01 resplra[: or,

predorr.:na[es during the period of splnai ~h~ck
and pe:sls[s [hroughou[ the lifetlme of the
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Table 1. Patient Charactetitics

lnJu~ Age He]ght W’e[ghl
Gender [nyy Level’ Durauon (yrs) (}?s~ (cm) (kg)

M C&5 incomplete 8 46 172.7 696
Cj mcomplew
Cl incomplete
C= recomplete
C; recomplete
CM recomplete
C&~recomplete
C+_:mcomple[e
Gj complete
C= complete
C= compiere

TI.PL1 recomplete
L14 mcomple(e
T~$ incomplete
Ta recomplete
T&q incomplete
T~ complele

39
+
1+
9
8
6

45
38
29
60
33
28
57
34

44

26

40:12

61

53

41

59
36
42

190.5
173.3
157.5
1816
180.3
17T.8
180.3
163.8
17>3
185.+

176.+:9.3

181.9
1727
160.0
182.9
170.2
170.2

100.0
69.1
+7.7
65,9
81.8
70.5
78.6
54.6
90.9
84.1

739 z 15.3

104.6
80.9
52.3
90.0
79.6
55.9

Mean : SD 13 z 13 49 * ll? 1731z8- 772:200
‘.+mcncan Spinal Injury .%socuuo~nwmanona[ Mcd}cal Soaen O( Paraplegia cntcna ‘

sutivor of a cervical SCI. Recently, obstructive
pulmonary disease of potential clinical
significance associated with hyperreactive small
airways has been described in cervical SCI.4 5
When respiratory failure supemenes, acute and
chronic dependence on mechanical ventilato~
assistance or phrenic pacing can become,
arguably, the most debilitating and resource-
consuming therapeutic interventions. b The
restrictive component of pulmonary disease
caused by a paralyzed diaphragm or respiratory
muscle weakness impairs the clearance of
bronchial secretions and predisposes victims of
SC] to recurrent bronchopulmonary infections,
life-threatening sepsis, and respwatory failure.;

Follow-trig SCI, many of the nerve axons that
traverse the anatomical site of injury are
preserved, but become demyelinated and
non functional. a Thus, a clinically significant,
potentlallv reversible conduction block causing

paralys~ of the muscles of respiration can occur
as a result of injury

+- Amino pyr]dine (+-AP) is a po~asslum
channel blocker capable of enhancink [he
propagation of action po[ent~als in demvelinated
neurons It has %een shown [o facilitate [he
conduc[lon of Impulses wlth]n the damaged
spinal cord of humans and animals “-’j Th:s

capablll[~ has been associated ~l~h modej[
lmprolernents In elec[rophvsloiogc variables and
cllnlcallv e~~den[ Improvement m neurologc and

sensorimotor function. g ‘L 1’ Because of [he
unique, potentially beneficial pharmacologic
properties exhibited by 4-.+R15 we initiated this
study to test the hypothesis that 4-AP might
cause similar, salutary effects demonstrable as an
improvement in pulmona~ function in humans
with chronic SCI.

Patien[SelectionandMethods

Fourteenhealthymen and threehealthy
women sufferingfromtraumaticSC1formore
than1yearnsduration(chronicSC1)volunteered
forthisstudyandwereconsecutivelyenrolled.
Theyconsistedof11quadriplegicpa[ients(age
andinjurydurauon,40* 12years,and 14* 9
years,respective})and6paraplegicpatienu(age
andinjuryduration,49~ 10years,and13* 13
years,respectively)(Table1).One paraplegic
and three quadriplegicpatients~-ere
neurologicallycomplete(.+mericanSp[nalln]ury
Association/ln[ernationalMedicalSocie[~of
Paraplegiacri[eria).lbAbsolutecontraindications
[oparticipationm thts study included a histov
Of seizures or epilepsy, or of an abnormal

electroencephalogram. recreational drug use,
Including edunoi: treatment u-ith bronchodhmrs,
or ant}chollnergc Ia[ro Dlnlc or antlhlstamin]c
drugs, or pregw”nm. or lnxlequa~e or unvenflabie

cantracepuve rnea5ures ?3.uen E resumed tnelr

usual sleep-wake cvcle Ieve; oi funcrlon, e3tlng
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patterns, and daily acti~tities not sooner than 3
_ hours af[er ingesting a single dose of the s[ud~

“drug. All studies were initiated following an
overnight fas; and at the same time of day [o
minimize the influence of die[ and circadian
variability. respectively, Ins[i[utional re~’iew
board approva: and [he written informed consen[
of each participant were ob[ained.

/- .4fter pre[re~cment pulmona~ function [es[sr

L’ were pe~onncd. each subiecc i&ested 10 m~ of

P

crystalline +-.4P(lot #P96-23&3: Regis Chemical
C~n Grove, IL” ~ncapsulat.ed ~~~h

#actose in an

J

immediate-release formulation.
Pre~reatmen[ and follow-up pulmona~ function
tests were consecutively acquired and
standardized spirometric measurements
(Vitalograph Spirometer Model S; Vitalograph
Medical Instrumentation, Lenexa. KS):MEPs and
MIPs were se~ially measured according to [he
method of Black and Hyat[.: \leasuremen[s of

forced expiraton- volume in 1 second (FEVI),
forced v~tal capaci[y (FVC), FEV1:FVC ratio,
MEP, and MIP were obtained in triplicate and
followed for 24 hours using a sampling-rich
stra[e~.

statistical .4nalyses

The normall~ of the underl)-ing distributions
was tested using D“.4gostino’s robust D test, and

[ests of [he significance of the differences
beween the means of continuous variables were
carried out using repeated measures (randomized
block) analysis of variance (ANOVA) or an
appropriate nonparamemic analysis based on [he
Xl test. The strength of association between
injuq- level and pulmonary function tests was
assessed using tw-o-variable linear regression
analysts. A probabili~ (p value) below 0.05 was
required to assign statistical significance to the

—
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Table 2. Spirornetry, \lEP, and MIP: A Comparison of Predicted, Retreatment. and Maximum Values in 1i Patiems with
chronic Scl

Predicted Prerreaunent Maxtmumc Predicted Pretreatment Maximumr Pretre3[men[
[nJumLtvel/Gender FE\’l’(L) FEVI (L) FEVl (L) FVCb (L) tWC (L) FVC (L) MEP (cm H@)
L, IncomplettVNl 3.65 2.06 2.85 4.56 2.53 3.20 48,130
C5 ;ncornpl~teJM 4.48 2.79 3.95 5.59 4,45 5.30 40.67
Cl lncompleWM 3.99 145 2.05 4.91 2.27 2.63 21 00
C= Incompletti 2.86 1 $j~ 2.08 3.41 1.94 216 36.33
C; lncompleWM 3.55 2.98 316 4.55 2.89 3 -+9 i39 011

C% mccmple[fi +.36 199 3 ~~ 5.32 3.60 4.13 ~~.~;

CJ-J mcomplewJ?4 4.36 2.8 3.36 5,27 2.67 3.50 +6 67
Q- mcompletd?d 3.61 374 3.86 4.60 4.50 4.64 10+50
&l complctfi 2.99 078 099 3.60 1.19 1.35 1033

C% completdd 382 119 1.46 4.76 1.61 1.91 4307
C% compieWkf 4.79 1.36 151 5.77 1.08 1.26 10s w

Tl:-Ll mcompletfi 3.56 2,29 2.42 457 2.88 3.03
LZ4 mcomplet~ 344 2.73

55.33
2.77 4.35 2.94 3.14 76.00

T>j lncomplet~ 2.69 2.27 ~,j~ 3.30 2.80 2.96 6033
Taincomplet04 364 3.02 3.03 4.65 350 3.66 90.33
T@ mcompiet~ 381 3.07 3.44 4.68 369 3.70 7500
TM cotnpletfi 366 2.57 2.69 4.54 3~f3 3.43 8800
“Wdcs ml . Ht~( 1 5+1 - +.06 x 10-J age 614 x 10”~ age;), females F~J = HIi[l 322 -4.06 x 10-’age-6.14x 10”’ age:). .Amcncan

Thoraclc ScIcy ‘-
bMales R’C = Ht*(l.75 - 1 35 x 104 age - 1 01 x I& age:). females WC = H12(1.463 - 1.35 x 10- age - 1.01 x 10’ agc~) American Thorac]c
SoeIcn ‘“

~ 05 prerrfatmem w rna..mmum

difference between means or medians. Mean data
are e.qmssed as the mean * 1 smndard deviation
unless othetwise indicated. Clinically meaningful
changes in pulmonary function tests, as
distinguished from numerical or statistically
significant increases, were defined using the
conventions adopted by the American Thoracic
Society (ATS). lT Standard nonlinear equations
were used to predict FEV1 and WC as a function
of chronologic age, height, and gender.’;

Results

Statistically significant increases in mean FEV1
and FVC were demonstrated in all 11
quadriplegic patients beginning 6 hours after the
administration of a single 10-mg dose of an
immediate-release formulation of 4-AP. Each of
the s[a~istically significant increases In
splrometry also met the published ATS
percentage criteria for defining clinical utility or a
clinically meaningful pharmacologic response
(Table 2). Increases in FEY I and FVC (Figure 1)
meeung .ATS cri[ena pers~sted for 12 hours af[er
dose admlnlstratlon. The FEVI:FVC ratio dld
no[ change appreclablv from pre[reatmen[ In
patients w~th quadr~piegla In con[~as[ !0
prem~rmenl values mesn \fE? and \lIP reached
a maximum at 10 and S hours, respec:~rei~
following -1-.\P admlnls[ratlon. These Increases

in respiratory pressures were statistically
significant. Mean MEP went from a 10% increase
at4 hours into t-he study to a maximum of 22%
(p= O.03) in all quadriplegic patients; it then
declined to 14% at 12 hours and continued to
demonstrate an 11% increase over pretreatment
levels at 24 hours (Figure 2). Mean MIP m all
quadriplegic patients went from a 13% increase
in negative pressure at 6 hours to a maximum
increase of 20% (p= O.06) at 8 hours and
remained elevated to 13% over the pretreatment
value at 12 hours into the study. Splrometry,
ME? and MIP in the eight quadriplegic patien~
with incomplete injury demonstrated a similar
time course, but were larger numerically prior to
treatment with 4-AP and at each time of
measurement thereafter (Figure 2).

Statistically significant associations between
changes In spirometry, MEP, MIP. and the
independent variable injury level were

demonstrated in patients with SCIprior to and
following 4-.4P administration, Signlflcan[
associations with correla[lon coefficients (r
values) greater than 0.82 fp<O .02) u-ere
demonstrated followlng trea[ment ulth 4-.AP
when percentage Increase In MEP and change In
FE1’l as a percentage of FE\”: prealc[ed ‘.\-~~~
regressed Zgalnj[ the c~id le~el oi ln~u~> In
auadr:ple~lc pa[lents \\;:lh lncom~ie[e ;n]ur”,”
Figure ~- In this same group of patlen;s. r
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Table 2, (continued)

-m

\[axlmum” Pretrt2tmen[ Ma_wmum’
MEP (cm HZO) M[P (-cm HIO) MIP (-cm HIOl

98.00 6567 65.JO
99.00 5253 10700
56.33 ;1 33 63 6;
+5 00 6C 17 @S67

81.00 6; 40 ::00
+1.33 6<67 9$00
8367 6553 S3.67

107.00 8000 106.67
25.00 M 67 5500
68.00 6233 92.50
101.33 62L30 5667

79.00 3567 5~.67
73.33 i?67 69.33
70,33 6300 8Q.67
119.67 7893 101.50
98,00 5267 6567
10500 61.33 @ 33

values greater than 0.72 were calculated for the
association bemveen inju~ level and FE\’l or the
percentage change in measured FEV1. Among all
quadriplegic patien[s, significant associations
with r values greater than or equal to 0.71 were

-–—=>bserved between percentage increase in MEP or
percentageincreaseinFEV1andthelevelofthe
cervicalcordinjury.The linearregression
equationrelatingtimeelapsedfrompretreatment
measurementofFEV1 tothehighestvalue
attainedyieldeda correlationcoefficientof0.78
(pc0,001)inall17subjec~withSC1(Figure3).
NO sta[is[icallysignificantchangesover

pretreatmentspirometry,MEP. orMIP were
observed among paraplegic patients followed for
2+ hours after ingesting 4-AP. Moreover,
pretreatment pulmonary function [esting could
not distinguish paraplegic from quadriplegic
subjects, statistically, although numerical

, differences suggestive of trends were noted
(Table 2). Pretreatment spirome~ (FVC,FEV1)
in paraplegic or quadriplegic subjects was
significantly lower than values predicted from
standard equations derived In healthv, able-
bodied (intact neuraxis) volunteers The
paraplegic pauen[s. nevertheless. could be used
as an ln~ernal control population in whom the
conslsten[ lack of response and an overall flat
response curve to J-.AR support :he absence of
anv change In pulmonam func[]on a[tnbutabie [O

7 ‘leam]r. g effect ‘“ III pa[len~< i~q,~hcenlcal 5CI

_.\ quadmpleya’ we~e readily dlstln~~habie from
pac]ents v.~th [horacolumbar lnju~. parq~ieya
when [Ime (hour; to a[[aln m3xIrnum. vaIues of

FEVI. ~C, MEFIand MIP was compared betwcrn
groups (pcO.05). In contras[ to quadriplegic
patients. significam linear correlations between
injury level and MEIl MIF! or spirometry were not
observed in pa[ients with paraplegia.

Discussion

The results of this study clearly support the
conclusion that 4-.4P appears to improve
pulmona~ function in patients with quadriplegic.
Subsequent to the administration of 4-AP,

A

Q- .a

‘w

Iks I

—.—
+-~:

(-III

+—
~ 1
l-l—..— ..4

Figure 2. (Panel A) The time-course profdes of the mean
percenuge change m maximal expwatoty pressure (MEP)
following the admuustrauon of +-AP to all quadriplegic
pauen~ (M) or quadrrplc~c pauenrs ~th u-rcompiete mju~
(A) are superimposed on the same axes. Patlen~s w]th
recomplete rn]u~ demonswated a grcaler response 10 +-.1P
It each urne point Differences between curve rnaxlma ar 10
hours were statistdly slgmftcan[ as were [he differences
between rhe maxlmurn value and pretreatment value 0[
MEP (Panel B) Mean percentage change with time tn
maximal Insplra[om pressure (341P) compared wl[h [he

preweatmenc value IS conmas[ed between ail quadriplegic
patlen[s =! and Incomplete (A) cervical cord injure
!daxlmum Increases m neganve pressure and the magrumde
Jf :he changes III VIP In general. were less than [how

~bjc:~e~ .R ME? .; 5.13tIs[Ic311\ slgnlf[c3n; p<; dj

dlfTtrence xween WIP pretreatment 3nd 2[ me :]me w’nen
:ne m3x: mum cn3ngc In MIP occurred 18 hrj Ua>
ciemons=[eci m pa[!enrs UI[h incomplete auacinplegla
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5La[is[lcallyslgnlfican[.clinicallymeaningful
re5ponses1;occurred in pa~i<n[swith
longstandingcervicalSCI.For[heflrs([line,[o
our knowledge, a mechanism-based pharmacologic
intervention has demonstrated efficacy In
enhancing respiratory muscle function and
improtting ventilato~ mechanics in spinal man,

Spinal cord injury is a detas[atlng cllnical
condition that profoundly affects numerous
organ sys[ems and results In a lifelong
impairment of homeostasis.l&zO Traditionally,
many of the pharmacologic in[ervenuons used in
treating the medical and physiologic
consequences of SC1 have been directed toward
diminishing spasticity and pain, or treating sepsis
and the complications of prolonged immobility

(e. g., pressure Ulcers).l] The rnechartisrns

mediating these pathophysiologic sequelae of SCI

Volume 17 >umber 3, 199-

are often unknown or not directly amenable to
treatment. and drug therapy often is directed
only toward modifying the disabling or
debilitating consequences of injury in a relatively
nonspecific fashion. Hence, disabling. high-
profile, easily demonstrated and measured
comorbidities or complications such as impaired
volunta~ mo[or function (paresis). pain, and
spasticit?” have been accorded priori q- status in
the hierarch) of postinjury residua Is [o be
targeted for therapeutic intemention. Ho\vever,
the consequences of a demodulated or failed
autonomic nenous system subsequent to SC118
~&~+may underlie or mediate any or all of these
impairments and comorbidities.

The myriad manifestations of au[onomic
failure are of[en not well recognized or
adequately addressed. Yfany are often subclinical

so

2s \

All SCI iB

r.oa3m
p ● 0.-

Injury Level
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and frequently devoid of easily demo~trable or
we!l-recognized physical signs or symptoms,

.—%.oye~[ pathophysiologic changes, or
socioeconomic consequences. They are thus less
visible to clinicians and patients alike. Although
the pathophysiologic sequelae of au[onomic
failure are reflec[ed in altered cardiopulmona~
function.zs hemod}mamic instability (autonomic
dysreflexia),z’ dysregulation of involunta~ motor
funcnon (e.g.. altered gastrointestinal motility~~).
impaired respiratory function, ~ ‘ 5 and cardiac
dysrhythmia,zd being “less evident” clinically,
these changes in physiology often go
unrecognized or are treated as though of
negligible importance. They are, arguably of no

less significance, and in most instances are more
likely to contribute to disrupting homeostasis
and increasing morbidity and mortali~ than the
clinically more evident consequences O( SCI such
as pain. spastici~. and impaired mobili~.

Measurements of FEV1, IWC. FE\-I:~”C, MIP.
and MEP can be used to identify and distinguish
respiratory muscle paralysis from obstructive
components of pulmonaty disease.’ Changes in
spirometry and respiratory muscle function
pre~iously have been demonstrated m patients
with SC1 as have correlations be[ween spiromet~

‘–- or static lung volumes and injury level. L4 ~ 17The
results of this study confirm these findings and
support the conclusion that 4-AP is an effective
drug treatment that improves pulmonary
function subsequent to SC1.

We believe that our findings of increases m
spirometry and enhanced respiratory muscle
function in patients with quadriplegic are
attributable to the pharmacologic actions of 4-AI?
The results of this study are consistent with our
understanding of the putative mode of acuon of
+-.+P in facilitating central nervous sys[em
conduction in preserved, demyelinated axons
and in enhancing s}-naptic transmission. The

, increases demonstrated in FEV1 and FVC
following 4-AP administration were significant
both in terms of sta[lstical and ATS criteria.’-
The persistence of :} ‘se changes m spiromet~-
for up to 12 hours a[tcr a smgk 10-mg dose ww
unanticipated and has not previously been
demonstrated. And although +-AP has been
shown to reduce spasticity in skeleul muscle.
direc[ effec[s on bron~hlal smooth muscle or
small a~wav reac:. tln LOchallenge has no[ been

_ reported ‘ ‘5
Recent s[uci Ie5 oi the pharm::~k~ne:]c

~-. ‘behar’. or of ‘-.+P in spinal rnJn hs~?
dernor.s[ratec evlaence of ente~es~steml:

recirculation, delayed systemic excretion, and an
increase in the terminal elimination half-life of 4-
AP consistent with our observation of an
extended pharmacologic effect.]+ These SC1
population-specific changes in +-AP drug
disposition kinetics could also provide an
explanation for the increase in time to onset of
peak drug activity and the prolonged effect
observed.

The strongest associations between necrologic
level of injury and measures of pulmonary
function were obsemed in quadriplegic pa[ients
with incomplete injun (Figure 3). Furthermore,
the greatest percentage increase or return toward
normal respiratory function was seen in
incomplete quadriplegic patients who had the
highest necrologic level of injury We interpret
this obsenation to suggest that the amount of
potentially restorable pulmonary and/or
necrologic function is not necessarily dictated by
the clinically assessed injury level or the degree
of paralysis. In indi~idual quadriplegic patients,
most notably those with complete injury or very
low pretreatment values for spirometry, increases
in response to 4-APneverreachedpredicted
values.Thecomelationbetweeninjuryleveland
FEV1in quadriplegic patients naive to 4-APwas
derived from a simple linear equation that allows
injury level to be predicted from pretreatment
FEVl, or FEVl to be predicted from injury level.
Using these predictive relationships and easily
obtainable measurements of pulmonary function,
a physiologically based and quantitative estimate
of the level of injury can be derived. For
example, knowing that the magnitude of FEVI in
untreated patients with SCI varies monotonically
with injury level (r= O.73) will have applicability
in predicting the level and completeness of injury
in individual patients. Simple mathematical
relationships between injury level and serial
measurements of percentage or absolute changes
in spiromen-y, MEP. or MIP following therapy
with -1-.\P were identified in this study. These
relat]onshlps can help to identify patients with
SC1 who are likely to demonstrate the grea~est
clinical response to 4-AP, the level and
completeness of their inju~, and the degree of
response to be anticlpaKed at a given plasma 4-AP
concentrauon.

Our results demonstrate that with reasonable
certalnq.. an accurz’e!v characterized lnjum level
:n a qu3arlpleglc pa[lent suffering from an
!ncompie:e ln]urv car. be used cc predict the
magnitude of the chanqe m pulmonan funcuon
LObe emected from Q slngie 10-mg dose of +-.\P

I
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(Figure 3). Ultimately, all of this information can
be incorporated into SCI population-specific
models that will have diagnostic or prognostic
value, serve to guide therapies, and have
usefulness in directing our inquiries into injury
level-dependent mechanisms. Currently,
assessing [he completeness of injury in patients
with SCI. with particular reference to the
identification of preserved neurons and their
potential for responding to 4-A? is dependent on
a technique that employs lowering core body
temperature to elicit changes in the pauems and
magnitude of evoked potentials. ~ Response to a
single dose of 4-APmayofferausefulalternative
methodofinvestigationandclassification.
ChangesintheFEV1:FVC ratiofollowing

treatmentwerenotobservedsuggestingthata
proponionalincreasein both measurements had
occurred (Table 2). The changes in spirometry
demonstrated after the administration of 4-AP to
patients with quadriplegic were not seen in
paraplegic volunteers. Our inability to
demonstrate significant changes in pulmonary
function in paraplegic patients following the
administration of 4-AP is best attributed to lack
of sensitivity in our battery of tests and
intersubject variability that we believe is greater
and more confounding in individuals with
paraplegia dtan in those with cervical cord injury
While mean values for FEVl, FVC, MI~ and ~EP
were numerically lower in quadriplegic patients
than in paraplegic patients, and much lower in
SCI subgroups than values calculated from
predictive equations derived in able-bodied
populations, no statistically significant or
clinically meaningful differences between SCI
subgroups were demonstrated (Table 2).

Among paraplegic patients, in contrast to
quadriplegic patients, greater heterogeneity in
terms of injury level, physiology, and
completeness of injury prevented more than a
strong trend (p= O.06) toward a significant
difference in pretreatment spiromet~ from being
demonstrated. Similar trends have been
described by other authors and appear to
distinguish paraplegic pa[ients, even those vnth
injury level below T12, from the able bodied. 12;
Impaired pulmonary function and altered
ventilator rnechanlcs have been obsetwed In low

parapleg~a even !when [he ln]u~ was well below
the efferent ou[flow co muscles of resplra[ion
These changes have been at[rlbuted to
deafferenta[lon and loss of propnocepuve Inpu[
from anatomically dlst3nt s[ruc:ures or organs
below the in;u~ level :ha[ genera[e senso~ cues

Volume 17, Number 3.1997

integral to maintaining respiratory function and
cardiopulmonan homeostasis.~g

Statistically significant increases in MIP and
MEP were demonstrated in pa[ients with
quadriplegic following 4-AP administration
(Table 2, Figure 2). Maximal expiatory pressure
and MIP increased in all quadriplegic patients
it-respective of the completeness of the injury, and
a strong positive correlation berween percentage
increase in MEP and injury level was seen (Figure
3). .4nalogous to the changes we observed in
spirometry, the largest increase in MEP or MIP
occurred in patients with incomplete injury.
Maximum increases in MEP of 36% and 22%
were demonstrated 10 hours after the adminis-
tration of 4-AP in incomplete and complete
injury, respectively. A similar pattern was
observed in the time course of the change in MIP
during the 24-hour study interval (Figure 2).
Changes in MIP and MEP correlate highly with
changes in the mechanical force exerted by the
muscles of respiration and are used as measures
of respiratory muscle strength. As such, MIP and
MEP are mos[ reflective of the restrictive
pulmonary disease caused by respiratory muscle
paralys~ subsequent to SCI.’ Because 65% of the
inspiratory increase in lung volume in the able
bodied and as much as 90% of tidal volume in
quadriplegic patients are dependent on the
strength of contraction of the diaphragm,n it is
reasonable to infer that the magnitude of the
changes in MEP and MIP attributable to 4-APare
highlyimportantand ofpotentialclinical
significance.Whe&er 4-AP increases respiratory
muscle strength and endurance centrally through
an effect on central nervous system respiratory
centers and/or axonal conduction, or peripherally,
by directly enhancing involuntary smooth muscle
function or neuroneuronal and neuromuscular
transmission, remains to be ascertained.

The clinical implications of the results of this
study are diverse, significant, and consonant with
a therapeutic role for 4-,4P in patients with SCI.
The administration of single dose of an
Immediate-release formulation [o h’mans with
longstanding, traumatic quadriplegic was
associated with a sustained, clinically meaningful
treatment effec[ and a statistically significant
Improvement in respiratory function.

We suggest that the administration of +-.AP
shouid have 3 saluvry effect in [hese patients and
[hat ‘,[s \alue as a pharmacologic intervention
w-:11 be demonstrated through clinlcall\-
Slgnlflcan[ redl~ct~ons in the pa~hop’nysiologlc
pulrnona~ seque}ae of SC1
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Orally Administered 4-Aminopyridine
~. Imxoves Clinical Signs in Mukde Sclerosism...

Floyd A. Davis, JfD, Dusan Scefoski, MD, and Jean Rush, N, ~MSN

4-Aminopyridine (4-AP), a potassium channel blocker. mtores conduction in blockd, demyelinamcl aaimal nerve. In
adminiscrtioacomulcipIe sclerosis (MS) pacienrs produces transient neurological improvements. Vision improves &el
either oral or intravenous administration. whereas motor funcrioa improvement hm kn repomed O~Y =_i* rhe ker,
To assess fu.rcher ics potential as a pracrical sympcomacic creacmenq we studied rhe efficacy of single, or-d doses of 4-Ap
on both visual and motor signs in MS. Twenry temperanaresensicive male IMSparienrs were given either 10 co 25 mg O(
4-AP or identically appearing lxms.e placebq capsules. Sracic quanciracive perimetry, cricical flicker-~usion, vis~

acuicy, visual evoked potentials, and videotaped neurological examinations were monitored. All of 15 JfS parienm

given 4-AP mildly COmarkedly improved. Motor funcrions (power, ccmrdinacion, gait) improved in 9 o~ 13involv~,

vision in 1I of 13, and oculomocor funccions in 1 of 2. Improvements deveIoped gradudly ac doses as low as 10 mg,
usually begiming within 60 minuws aftec drug aciminiscraciom and revecsed gradually over 4 co 7 hoti. NO serious
adverse effects occurred. No sigcsificanc changes were observed in 5 MS patients given placebo. ‘We conclude &t

orally administered 4-AP prcufuces clinically impomnc irnprovemencs in multiple, chronic deficics in W. F&r

srudies are warranted to assess efficacy and safety of prolonged adminiscrarion.

Davis FA, Scefoski D, Rush J. OralJy administered 4-Aminopyridine improves clinical si~
in multiple sclerosis. Ann Neurol 19%):2’:186-192

Computer simulation studies indicace chac conduction
block in demyel.inaceci axons is due co a critical de-

crease in actioncurrent rhac reds from its wastelid
shorc4muiang rhrough bare axonal incemodes [1]. A
scracegy for developing a syrrqxomacic therapv in mul-

tiple sclerosis (.MS) would be co acrernpc co restore

conduction in blocked demyelinated axons bv incrrzs-
ing action current (2-5]. Drugs rhac increase, action
porencial duraaon either by inhibiting sodium channel

inacrivarion or pormsium channel acrivacion, or borh,
increme action current and would be expected co re-

store conduction in blocked demyelinated nerve [6j.
4-Aminopyndine (4-AP), a blocker of K - channel
activation [-], prolongs nerve action pocemials and, M
preciicred, restores conduction in blocked demvelin-

ated nemes in animals [8-11]. Orallv admmisrered

4-AP ha alSO been shown [O improve vision buc nor

motor funcrion in MS pauencs by Jones and associates

[121, and we subsequently reported chat intravenous
4-AP improves motor and oculomoror u well as visual
deiicirs in MS [ 13]. The purpose of rhis srwiv is co

mess further rhe eficxy and safery of oral single-dose

4-,+P and dso to dere.rrmne If prolonged therqx. uc

rnais are warranted.
.+s in rhe prewous invescigauons UId-I +-A?, ce.m-

pewure-sensirive pauenrs [ 1+, 15] were 5elec:eci be-

cause [hey are also expected co be ver: sensinve ro
I

- —

pharmacological conduction modifiers :6, 1j], ne
number of LMSpaciencs who are cemperzre sensitive

is subscanrial. Maihomaand Goren [ 161 obsemed
worsening during induced hypenhermia hor-barb test)
in 17 of 20 MS paciencs (851ZC).Simons 11’] repomed

chac 62% ofpaciems with ,MS became WFL<when rhey
were exposed co hear.

Merhxis

Prvtocol and Patient Aisessmen[
Twenry cemperamre-senmive male kfS Fmezrs X.X tvalu-

aced before and afrer ord uhsimsuarion Jr’ e:me: 4-AP ,2.5.

and 5-mg capsules) or Identically appearing -xtose placebo

Their ages ranged from ?5 co 48 years (mei~~. ;(J j I. 4-AP
was purchased from Regis Chermcd C >c~t \(orron

Grove, IL), and 4-AP and placebo were forctirec mro clp-

sules by our hospicd pharmacy. The 10- co 25- .mg:ose mnqe
was sysremaricaily explored according [O I tiexenciing-

ascendingscheduie, with mdivv-iual coral doses or’ 25, 20. I >.
12.5, and 10 rng (Table 1). The dose mnge w= bed IISpan

on our previous experiences w[rh mcravenou tirruruscrarson
of -LAP {15]. 4-AP was adrmrmered omll~ x J jmgie Jose

except m 3 pauencs. who recewed muJapie :: xs :Yer W w

90 minutes. PWems ~ ere rior UJILIwiw:x: me. :ecelve:
4-AP or placebo: ~> received ~-t\P .uv.i < :e:s:~e: pi~ebc

They were mtormed of possble +-AP s]ce efi-ec~. .nc: -

p-aresr.hesl~. wtuch cornmoniv OCC)A*,:\ 2, I ~:. ~Jt -ne :“rt-
quenc,; O( ,xcumence wzs noc disc’tisec me- xer: u.so [OIC



Ta&l. Sumrnuq of Re~ult~of Ora! J-Anrino~ridint and P1.uaboAJmnt, rratlon ro.W PJ::em[J
— .<,

To[aI Dose Moror
Pauen;

Ocuiomocor
Agenr (mg,) Function Vision Functioo \TP Side !l-Yects Ner Effect

1 4-AP

2 4-AP

3 4-AP

4 4-AP

5 4-AP

6 4-AP
7 Placebo

8 4-AP

9 4-AP

10 4-AP

11 Placebo
12 4-AP

13 4-AP

14 4-AP

1> 4-AP

16 4-AP

17 4-AP

18 Placebo

19 Placebo

20 Placebo

10

10

10

o

1+

o

0

2+

o

0

0

0

o

3+

3+
o

2+

o

3+

3+

1-
j+

0

0

0

P,D

D

D

P,D

D

P,D

h’

D

h’

D

N
N

N

P,D
P,D

N
~

N

N

N

l’

Y

Y

Y

Y

Y

N

Y

Y

Y

N

Y

Y

Y

Y

Y

Y

N

h’

N

AP = arn.mopyridme; VEP = vrsud evoked po(cnoal; O = no improvement 1- = usdd unpro~emenr: 2 + = modenre mspmwmenc 5” =
rnarr~ impmvemerx P = paresrhesti I rnnsierw mild); D = dizzinessmdor I@lwadedoess mnslent. mildl,Y = improvement X = no———
Ck Blank spaces urdicare&r resnog was nos petiommd becau5eof lack oi sufiiaenr remng rime or has funcmon was norrnaJ or nor
R rum sensitive.

thas placebo, a.lrhough inactive, mighr lx associated with

similar side effecrs. Only one of rhe irwesrigarors (D.S.),
whose role was largely supervisory during the testing, was

aware of che nature of the agenr administered and rhe dose
sclsdde. The other invesrigarors (F.A.D., who graded the
videotaped neu.rologicd examinations WE], arrdJ.R-) were
blinded except during an inscial pilot series of rhe hrsr 4
pacienrs, who were all given 4-AP (TabIe i, Patients 1-4).

While overall neurological srarus was exanuned, testing
focused on cemperarure-~nsitive, functionally relevanr defi-

Qcs, Each parienr’s sedy recorded videotapes were graded
during a smsgle session to facilitate comparisons and were
tared on a scale of O to 6 (Table2),reflecrsngthemnge be-

tweenrsoti funcoonwe 0)and severe defic]r (grade 6).

Motor improvements of 2 grades were considered s@canr
~d were raced as 1 + Three grades and greater unprove-
mencs were rared as ? A and 3 + , respectively.

CrirscaJ flicker-bon frequency (CFF) was resrec! mon-

ocularly wi”’1 a Gross model HPS-?-B photo-srs.mulacor
(@.incy, .MA) {1jj. Visual aaury (V.A) was assessed rnonoc-
ulariy bY cleterrnsmng the minimum resolvable separaaon of
two veracal oscilloscope aaces {1j] The resulrs from 5M

* were averaged (or CFF and (or VA. VIsud unprove.

mencs, as measured bv CFF ~d tr~. were usessed as 1 -
V$ - tie ~s[do= ~nCr~ wu i j’ to joec o!’ tic preciC!Se

? - ior I 31 to 4>c-( lncre~e. ~J ~ - ior an mcrezx
greier than -i5~C

I’isua.l nela exmnmzoons were a~ed Our an 3 GOiL2m~n

Emneter 940-ST l-i~-Sc~e): .+G Bern. Swimerwd M-
~ standard [echmques For srauc quMrJuuve perunec.. \-I-

Wd evok~ ~ren~ VEpS} were recor~e~ w]rh J Xlcoie:

Tabh 2. Vlahape Raring

Grade Funcnoo

o

1

Norrd

Berween normal funccion and mild deticit, dys-
funcaon i.s revealed onJy on ve~ thorough rest-
ing: itisoftenfleeringand no[noticeabletorhe
parrenr

Mild debac dereccable on muune cesring of a
spedc ri.mcaon; ic oniv mmimallv akers the pa-
~enr’s pe.rfomxmce m c~mg our a given task

.Mdd COmodera.re deficit, redly demonsrdde on
[esang II mddly but noaceablv abet-s a specific
funcnon

Modemre defsuc rhe speciiic funcuon can only be
partly encured by rhe panent

.Moderare m severe denctc tie paoem can only
mmmdlr perr-orm rhe gr~en rask aI a func -
aonalir SI+ level

Severe deiuc: the specuic newologscd funcuon IS

nariv o: compiecely abolished and serves co
sgruircnt fictional use

.. J 1— . . . . . - I#c I 0-
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normal P- 100 latency values for our Mxx-arory are 1I 1.54

msec for full-held and 114.92 msec for cenrral-field sumula-

rion, each represenung I mean plus 2 srandard dewanoos.
P- 100 Iarencies were measured wlch z manuallv adiusrable
electronic cursor,and wave amp~irudes were memured
peak-to-peak bemwen N-[ and P- 100. Viral signs. mduding
My remperarure, electrocardiogram, el~troencepti~
gram, complete blood count, and serum biochemisrnes
(SMA- 18), were monitored imernmrrenclv in all patienrs.

Patimt St/u7ion
Pmiems were selected from rhe Rlush .Mukipie ScIerow

Cenrer (Rush-Presbyterian-Sc. Luke’s Medical Center] us-
ing the following criteriz a defimte diagnosis of ,MS: male,

nor older than -i7 yews; no history of cardiac, pulmonary,

heparic, renal, or ocher sysremic disease; and a posiuve lus-
tory for rhe presence of neurological signs that revemibly
worsen wirh hy-perrheti only men were srudied in com-

pliance with Food and Drug Adminisrrarion resrricrions. This
study was approved by our insrirution’s Hu.n-urI lnvesuganon

Com.mirree and ail parienrs signed informed consent forms.

Results

LMiid co marked improvements occurred in all of the

15 MS pariencs given 4-AP.Motor functions improved

in 9 of 13 involved, vision in 11 of 13, and Oculomoror
function in 1 of 2. Improvements developed graduallv

with doses as low as 10 mg 4-AP, usually beginning

within 60 minutes after drug administration, and re-
versed gradually over 4 co 7 hours. No sign.iticam

changes or side effecrs occurred in rhe 5 pacienrs who

received placebo (see Table 1).
Motor functions improved most strikingly with re-

spect co power and coordination. AU ~b muscle

groupsappenred susceptible. These h-nprovemenrs
were apparent wirh Ixxh simple funcrson tests and the

performance of complex motor tasks such as gm and
repeciuve movements.

Figure 1 shows improvement in rhe abihry to raise

r-he arms against gr3viry afrer receiving 20 mg cLAP in

a 38-ye-ar+ld ,MS patient (see Table 1, Parienc 1) with

a mcxierare-r~severe quadnparesis caused by spinal

cord involvement. The peak effect Izsted 1,5 hours

and rhe parient rempxuilv regained the abiliry to tied
himself Reversal occurred about 6 hours afrer drug

drnirusrmrion.
In asymmerricdlv affecred limbs. improvements

wlrh +AP were otlen grexer in rhe limb that wu less

severely revolved see Fig 1~. Also, asvrnmemcd un-

provemenrs were $ome~~es ~bseme~ in SWjv

ti-ecred limbs. Improvements ofren resulred m >1~-
canc iuncnonal -tins, P3uents usuailv nouced tie un-
prove rnenrs x rhe:; were occurring bur sorne-wzes
,onlv 3s :kev were xmnng off Less commonly, patents
were e![her nor sue IOf~’ocm,ence~ T.prcve.mec. [s :r

Iorea $Grne 5L[ nor >ch~:s.

Visti ~Jpr,>ve.~.C~rS ~C~~~e.-j .I-. ~ ~ ,or’ ~ j ~MXSIS

wno recewe: +-.{? md m none 131Lne plxebc c: GL-51

A
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subtecrs. Pariencs wnose visual rests improved afrer 4-

.%!L@rninisuarion wdre also generally aware of an im-
r‘=- ‘menr in vision. Figure 2 illusrrares improvement

G c-eye CFF from 23 Hz to 40 Hz 1.5 hours after

10 mg 4-AP in a ~2-vearold MS pariem with Opric

neuropar.hy fsee Tabie 1, Patient 10). .Normal subjects

fuse u aixm 40 Hz in our laboracoq. Gradual reversal

ro baseline occurred by “.5 hours tier drug adminis-

crmion. Transient rndd lightheadedness was reporreci.

FulJ-tield (FF) anti central-field (CF VEP tes~ were
recorded in 1 i @encs (? 4-AP and ~ placebo) before

and afrer the dose. We compared tracings predose
(tie O) and poscdose ar abut 2 hours, when clinical

changes were usually apparent (Table 3).

AU pacienrs had abnormal predose FF and CF VEPS.

The k-u-m were ofren more severely aifected, and in 3

pazients some Iarencies could nor be determined tw-
cause of waveform discornons (see Table 3). in 1 pa-

tient (Patient 10) data storage dficulry precluded

posc-4-AP amplirude measurements. but bilateral in-

creases were apparent on direct obsemarion for all 4

responses.

Ixencies improved in rhe 4-AP-creared group. The

mean postdose P-100 kuency change for FF and CF
VEPS combined was a 5.40-msec decrease in the 4-AP

*

44I
:40 -

~
>
p -

:
.
: 32 -
IA

2u-

.?4 -

4-W law

low dasc
*

I I I I 1 I I I
1 2 3 4 56 7

Fig 2. lmprozvmcnt in m“ticaljzckw+kion jkquenq a[tcr ad-

nz:nistration of I-LAP in an .%45patrem u‘ith k~i op[:c nent
fnvofwnwrf

Full Field Cenrral Field

P-100 Iaency Ampl:rude P-100 Larency Arnpkude
(fnsec) (pv) (msec) (pv)

Patient Agent Time (hr] Lefr Rlghf 1A R@ LA Righr L& Right

10 4-AP

11 Placebo

12 4-AP

13 4-AP

14 4-AP

15 4-AP

It 4-AP

1- 4-AP

:~ Placebc

!c, P!ace5c

, .-. p~~’&-

126.0
126.0
1-2.5
172.5

1-4.5
17-.5

159.0
15-0

1?-0
122.0

166. >
159.5

1500
1>00

1>5.0
[’?9 o

;?9>
1+;0

;-0.0
;-rjj
)-. .!---
..<.
.- J

1.’2
!VA

1.88
1,45

1.54
1.64

1.52
154

5.33
4.31
I 46
130
.-

C
2.+3

2.51
4.56

208
;>]

: 1?
ji!

: ,$

:.’3,

1.17
NA

1.46
1.14

3.11
2.26

3.16
2.-8

3,62
3.83
119
1.16

1.65
115

1.8-
192
2,65
1- 9
i 3(J

i is

.-—

-,, ,

133,4
122.5

153,5
156.0

168.5
168.5

143.5
CND

126.5
L19.O

156.0
149.5

1>5.0
155.5

153.5
143.0

145.0
145.O

C?iD
CXD

.
,. 0
““-o,,

151.4
145.0

cm
cm

182.0
cm

CND
cm

126.0
L23.O

1-1.5
159.5

146.0
148.O

l-j.O
161.5

14-.5
149.0

CXD
CXD
. . .
---- 0
..; <. . .

1.6;
NA

1.04
1.06

2.51
1.56

1.68
CND

‘?.41
1.-9

0.96
0.45

?.30
2.68

1.03
2.48

1.2+
1.86

CXD
CXD
r,.1..
i jd

1,z(5
N’A

CND
CND

0.%
CND
CND
CND
1~~

2.69

0.83
1.12
?J:
~,~8

0.73
2.71
~--

1.-9

CXD
CXD

i 30
:00
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group and a 1. [2-msec increm.e in the placebo group

(p = 0.019; 2 independent samples, t rest). The post-

4-AP CF P-100 Iarencies were decreased by a mean of
6.80 msec, whereas with plzxebo they were increased
bv a mean OF L.75 msec (p = 0.012). The FF P-1OO

latencies were decreased by a mm of 2.92 msec in the
4-AP ~oup and incrased by 1 mean of 0.69msec@
the placeb group (p = 0.015).

P- 100 acnptirude changes were much more variable

from pariem co pacienc rhan were rhe Iatencies and
were noc statistically significant. ,Mean increase for
comb@d FF and CF amplirude was 0.43 pV in rhe 4-

AP group and 0.34 pV in che placebo group (p ‘

0.883). The mm FF P-1OO amplirude change was a
O.1O-WV increase in rhe 4-AP group and a decrease of

0.09 WV in rhe placebo group t p = 0.604). The mm.n

CF P-1OO arnplirude change was an increase in borh
tie 4-AP and placebo group, by 0.48 FV and 0.18 PV,

respectively (p = O.541 ).

Employing che criceria of Hammond and Wilder

[18] and Pemon and Sachs [191, wherein hrency

changes of 5 msec or more and amplitude changes of

30% or more are considered co be signiiicanc, 4 of rhe
7 ptienc.s who received 4-AP had improvements. The

P-LOO larencies in these parienrs (see Table 3, Parienrs
10, 14, 15, 1-) showed a decrease in 12 of 16 (75%)

eye tests and m increased amplitude in 6 of 12 (50?c)

eye cescs. These 4 patients also had simulr.aneou 3 +
improvements of CFF and V.+ testing (see Table 1).
The re.maining 3 patients given 4-AP showed eirher
insigni6canc improvements, no change, or worsening
of P-100 lareacies and amplitudes. In comparison,

none of rhe 4 placebo control subjecrs showed anv

significant P-1 00 Iacency improvements, while ampti-

rucie improvement occurred in 3 of 8 f58fic ) eye resrs

in 2 concrol subjeccs (see Table 3, Patients 18 and 20).
Four of - p-acienrs given &AP showed improve-

ments in waveform configuration, such as clearer defi-

nition of N- 1 and P-LOO peaks, m depicted in Figure 3.

This figure iiluscraces reversible improvements in VEP
latency and waveform afrer a single dose of 20 mg 4-

AP in a 4 l-yetr+ld .MS patient (see Table 1, Parienr

L‘) wirh bilarerai optic neuropachy. No side effecrs

occurred. Values for P-100 ~rencies and simulra-

neouslv recorded CFF and V.i for [his patient are
given in Table 4.

Clinical and elecrrophysiolo~cal unprovemencs with
~-.~p oc~~~ predO~n~d~ lfl CemperaUe-SenSl-

uve svsmms. In a iew parienrs unprovemenrs occurred
irr svsrems For wluch rhere UL ao hisrop to su.ggesr
ternperarure sensmvw: P3uenr5 3 and 6 vision) mti
Pmen,z 10 wslon, \TP\; see Ttile i.

Ten oi i S =anenrs who rece:veci +-.+P e.xpenencea
rr~mienr tic ~esthesms or izz:ncss-. i>.the~ce~-
ness. cr ‘kmcii see Ttiie 1 . ?uesthesus were m~rJ’;

ccrmne~ :0 ‘me Lmcs xr ix ,Jc:.xel crcungud’:
,.

LEfl RIOliT
P1OO Ploo

3

g

4

#’L:

(Oz-Fp.J 1

3
FF

(Oz-F@ 2 ‘ %

1

\/

+
125
*V ~

\!v b I

Fig 3. Rtven;bh improvtmtnt in visual ~oked potent~a! ~VEP~
&Mq ami wawf- after a sing& do~i #20 mg 4umlno~-
niiint (AP) in a 41 -Year-ou MS Patimt uIlhbt~:~~ OPIIC

new involvtmn;. Vcrricai murkm indic~te the P-100 wart

.?atcnrtafw VEP-2 tracings. krtency impromnents occur:n AU
VEP-2 tracings. Wavefm impnwcmm[~ WEP-2) aw pan:cu -
Lady striking in the rcntralJet2 (CF\ w~ings. uhert the prr-
4-AP VEPS {1) am &m[y discanibh IVEP-I I. Then ssaho ~

marked mverwbtknomdimtion of [be ----1 u at t fsmdl. ncgct I t

abwnward &fiution ptrwding A major. po~iriw P-100 u,;
wni wave) in tbc @ fuU-~U (FFI VEP-2 rtrording. Vdua
fw btenci~ andiimuitaneoudy ncodd :n[n-~ijiickw-fu~:~n
and vuual acuity imprvvcmcnt$ arc ,gitrn in T~bh 4. (2 = Jp-

Pmximattly .?.33 burr after -L4P dm:nulrallon: j = Jp-
pmxiwwtely 4.33 hours aficr 4-AP. )

and in rhe scalp. Mild dizziness (noc verngo ~or light-

headedness, or borh, occurred at runes with he-ad-xxi,

movemenrs. None of these svmpcoms were disrurbln~

or imerfered wirh rhe expenrnenral procedure, and m:
parienrs requested COdiscontinue the srudv because or
side effecrs. No signdlca.m side effects occurred m [he

5 pafienrs given placebo.

Discussion

The resuks demonwrare rhar orally administered -+-AP

acurely improves borh motor and visual abnorm.aliue

in MS puienrs.Someofrheirnprove.menrs were ‘mge

enough to be of rherapeuric b-meht and wcurreG x
well-tolerared doses. The posslbie use oi orai +-.<P L
a climcal rreacrnenr in MS requres furrher jru~~ rI.
mess Iong-term efficdcy, saiew$ anG patient se!e=or.
crireria-

Whde rhe clinical unprovemects xi[h -+-APL-e 3C
Iieved ro be due co ~ rescormon oi coniucnc n :r
blocked, demvelinared nerve rkefs. jr !s ~sslbie :i.i
[fie lbtii~ oi !imctionmg cie.rr,ueu~~:ec L-c>cs:c ::r.



‘ Tab& 4. lmprowment~ Produced /q a Sing[e Dose of 20 mg 4-,+mtno~ ~1’:n{ :n a -i I -i”tar-0L4 .M5 Patlen:’

.=”&, FF \TP P-100 CF f_EP P-[00 VA Visual
Latency (msec ) Ixencv Imsec ! CFF ~Hz I Angle I‘ )“

Tesr Time (hr) IA IUgh[ Leti Right Lefr Right Left Right

1 0 (pre–4-AP) 145.0 155.0 15j.5 l-j.O 18.3 1>.0 4.3 3.j

~ 2.33 (posr-4-AP) 13-.5 149.0 1+5.0 161.5 28.8 ~o,5 2.9 2.4

3 4.j3 (posc-4-AP) lj-.5 15S5 151.0 ;-2.0 2-.1 [s5 3.3 2.8

4 5.50 (IXX–4-AP) NT NT ST ST 2;,5 [6.s j.~ 2.9

‘Same ptienr and expenmenr as in Figure 5.
bValUeSare m minutes of arc.

FF = full held; VEP = visual evoked potenoal. CF = cenu-sl field, CFF = cnncal ficker-tbon, t’.4 = VMUI acwry; AP = as-sunopyridine; NT
= nor rested.

pariencs may reflect rhis. The repericive conducuon de-

fecr in demyeiinawcl s-serve [20-22] is rhe result of a

decrease in membrane excicabiliry caused by hyper-

pokuizaaon produced by elecrrogenic Na - pumping
(23], which 4-AP may counteract by increasing acaon

current. Exacrly where 4-AP exerrs its effect on demy -
elinaced axon has been widely r.heorized [13, 24. 25].

Based on K- channel Iocalizarion [8, 26], it would be

expected co be acting as or near demvelinaced mcer-
nodes.

It has been observed chat repetitive impulse acciviry

occurs in demvelinared axons exposed to 4-AP, which-.
i account for 4-AP-induced pareschesias in hu-

-~s [27, 28]. Ten of our 15 MS pacienrs who re-
ceived 4-AP experienced transient mild paresthesia

or u-ansiem mild dizziness-lightheadedness, or borh.
Though these pariencs may have become unblinded, 3

had reversible improvements in VEP testing afrer 4-

AP char canner be expiained by a placebo effect. This

finding, rhe improvement in 4 of rhe paciencs gwen

4-AP who did not experience side effecrs, and the

absence of irnprovemenrs in the placebo group all

srrongJy favor a r-rue pharmacological effect. Finally, it

is noreworrhy that rhe videoraped neurological exazi-

narions, which were rated blindly, successfully &ffer-
enciared rhe 4-AP and placebo groups.

.The VEP irnprovernencs with 4-AP obsemwd in rhis
study are comparable with an irnprovemenc ot’ conduc-

tion in demyelinaced optic nerve fibers. VEP changes

ca~d by pu~rive ~rerarions m opuc netwe conduc-

tion have been demons~ted previously m MS pa-

tients. Improvement OCCWS wIch hypervenzdauon 129]

~d verapamil {~0], while worsemng occurs wIA m-

increased body [elnpen~e {31] and exercise (Uhrhoff

symp[om) [19]. Ou tindmgs wlch ~-AP are sumh.r co

dze findings wlrh hypervenrdaon repomed by Davies

~d ‘.~soclares [29], whe also obse.wed P- 100 lxenc~

Icuon wvthour conslsrenr unpbrude cnmges. l%
.~wn greater varIaDIIJm or [“EP a.rr.phrude comp~ec

[0 “Qena possl~iv exmiiuns :ius phenomenon I 1$. >:.
. . .
)>;.

Dims

Hammond and Yiannikas {M] reported markedly

&stoned and absent CF VEP responses in 34% of MS
pacienrs srudied, which is consistent wirh preferenciai

involvement of macular !ibers in MS. This compares CO

snilar findings in 27Tr of pacienrs in our srudy. lm-
provemenrs in CF waveform seen with 4-AP are

likely co redect improvement in conduction in rhese

macular fibers.
We have nor obsenwci serious or bothersome side

efiects at coral intravenous doses of 4-AP below 30 ro

53 mg ( 13] or single ord doses up co 25 mg reporred
here. In conrrast. Jones and a.ssociares [12] srated rhac

side etieccs (dysesrhesias and dizziness) precluded its

ciinica.1 use. Wh.iie no seizures occurred among our

pa.cienrs or in rhe srudy by Jones and colleagues [12],

seizures have been reported in patients who received
4-A I-’ for creazrnenr of myasrhenia gravis [35], bon.s-
iism [36], and MS [37]. Mechanisms for rhe convul-

sant action of 4-AP have been discussed previously

~13 ]. Also, 3-aminopyridine is known to have convuJ-

sam action when applied directly on the cerebral cor-

tex o~ cars {j8]. Since MS patienrs have an increased

incidence of seties, rhey might be expected to be ac
lugher risk for seizures on exposure co 4-AP d-sari are

normal sub~ecrs. .Nrhough it M imporram ro recognize

the porenriai for r-his side effecr, our resuhs suggest a
safe and effecnve rherqxuoc w-mdow for orally ad-

rmnis[ered 4-AP for visual and motor detlcits in se-

lcwec .MS parienrs.

Paaenr selemon cnrem could be imponanr with

respec~ ro 4-LAP erncq, Some parierf~ rrIIKhr improve

gioDallv and orhers only m a spxtic n:uroiogiu.1 iunc-
con. depending on rhe number and clinical expression

oi bkked demyelinared neme hbers capable of being

restorei co conduction by ptioiogical means
Temperature-senslave MS Paaenrs are parricuiariy ti-
vortiie can&~2[as for efi-ernve ~~rmen[ wl[h ~-~p

ueafic :he.~ nave large numLwrs oi neme tibers rh~[

~-e t::’er Wfcerisne=-onGumng or afe tusr hrejv

:1OCL?2 ~6~. Fxmerrnore. dung acure exacerjarmns

:. \fS. tem~nr~e sexlnvlm IS he@rened {591.
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m rhe recording of visual evoimi porenoals anti dso co ,Manla
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The effects of 4=aminopyridme
in multiple sclerosis patients:

ResuIts of a randomized, placebo-controlled, double-blind,
concentration-controlled, crossover trial

C.T. 13ever,Jr., MD; D. Young, PharmD, PhD; P.A Anderson, Pm, A Krumholz, MD;K Conway, RN;
J. Leslie, PhD; N. Eddington, PhD; KI. Plaisance, PharmD; H.S. Panitch, MD; S. Dhib-Jalbut, MD;

M.J. Fossler, PharmD; J. Devane, PhD; and KP. Johniow MD

Article abstract— Because &rni.nopyridine (AP) impmvea residual deficits in some multiple sclerosis (MS) patients
but has a narrow toxic-to-therapeutic margin, we compared the safety and eficscy of two target peak serum concentra-
tion ranges (low 30 to 59 nghnl and high: 60 to 100 nghl). We enrolled eight MS patienta with temperature-sensitive
visual and motor defiata in a randomized, placebsxontroll~ doublt+blin~ cmaaover trial of short-term oral AP treat-
ment. We rsndonsizsd pstienh ta a aequen~ of three treatments on three separate daya: placebo, low serum concen-
btiO~ and hi@ serum concentration. We determined dosing to achieve the desired steady-state peak serum concen-
tration rangrxI fkom a teat dose and population pharmacokinetic parameters using bayesian estimation. contrast sensi-
tivity, standard neumlogic examination, ratings of videotaped necrologic examinations, and quantitative strength as-
ttessment all improved with treatmen~ but flicker fusion frequency, visual evoked response latemciea, and Expanded
Disability Status Scale acmes did not. AU pstienk experience side effects during the high-serum+mncentration arm.
Agrandmalaeizure occurred at a serum AP level of 104 nghd, and an acute confuaionsd episode occurred at 114
ngtszd. AP treatment produced improvements in residual deficits in MS patients, but the occurrence of significant tox-
ki~ auggwta that AP senun levels should be monitord and peak levels above 100 n@nl should be avoided. Concen-
tration-control methodology may be useful in testing putative treatments for other necrologic diseases.

NEUROLOGY 1994;44: 1054-1059

<.. .

Pftthologicevidence of preserved axons in demy - MS is in part physiologic. Electrophysiologic stud-
elinat.ed multiple sclerosis (MS) lesions, t as well as ies of demyelinated axons showed that abnormal
reversibility of some MS deficits with temperature
depression and decreases in serum ionized cal-

potassium currents decreased action pt,.ent ,al du-
ration and amplitude and contributed w conduc-

ciurn,s suggest that the necrologic dysfunction in tion failure (reviewed in reference 4). Schauf and
–’, >+

al
i%.. . ,



-Zztiss first suggested that pharmacologic modifica-
of sodium and potassium cunents might be

Ld to impro~’e conduction in demyelinated fibers,
and subsequent studies’ showed that potassium
channel blockers such as 4-aminopyridine (AP) im-
proved nerve impulse conduction in experimentally
demyelinated axons in vitro. Jones et alG reported
the first study of AP in MS patients and showed
that AP treatment caused improvement in t.emper-
ature-sensitive visuaI deficits in five patients in an
open-label trial. Stefoski et al? then showed that
short-term intravenous 44P treatment produced im-
provements in residual deficits in a larger number
of temperature= sensitive MS patients in a placebo-
controlled trial. Davis et als demonstrated that
short-term oral A.P treatment was also effective,
and Stefoski et alg showed that treatment duration
of up to 5 days could be used without significant
side effects. A randomized, placebo<ontrolled, dou-
ble-blind, crossover trial in 68 patientsl” showed
drug-related improvements in neurdogic !inction
without significant toxicity. However, two patienta
horn that study who continued open-label AP had
seizures, and one developed a treatment-related
hepatitis (C. Polman, personal communication).
Pharmacologic studies’1 showed chn.ical improve-
ments in patients with peak levels in the 50 nghnl
_l==~georhigher, withsomepatientstolerating

un levelsover100nghd.However,significant
-a-patientvariabilitywasnoted(F.Davis,per-
sonalcommunication).Thisvariabili@inpharma-
cokineticscoupledwiththepotentialtoxicityofAP
couldlimititawidespreaduseinpatientswithMS.
DrugssuchasAP,withlargeintirpatientvari-

abilityinpharmacokineticaandnarrowtozic-tzAer-
apeuticranges,presenta diilkultdilemmaintrial
design.Toavoidserioussideeffectsinthepatienk
havingthehighestserumdruglevels,dosesmustbe
keptaalowaspossible,butthismeansthatpatien~
withthelowestdruglevelsmay havelevelsinad~
quatetoproduceanytherapeuticeffect.An approach
b thisproblemusedinwdiertrialsof&.sloisthe
escalatingdoseformat.Howwer,thismay unblind
@ients and investigat.cm if the drug has chamcter-
iatic side effec@ as k the case with AP. A new ap-
proach is concentration+xntdled methodology, in
which individual patients are administered the drug
b achieve a predeternzimxl @.rget semm concentn+-
tion range.” We used this methodology to test the ef-
ficacy and toxicity of two target serum czmcentration
Wsof A-p(30ti 59@ and60ti loong/xnl)il
eight MS patienb with @mperanuw3ensitive visual
and motor defici~.

-n%lmcla. Patieni seiection. Eight patientawith clinically
Laboratory-suppurtedde!init.eMSM who had objective

tieficitsof tis-~1 acuity and l~wer extremity motor
strength and tone were enrolled in the study. These
deficitswere,by hiatay,both relatedh the patients ~

and worsened by tempzratum elevationbut were stable
for at least 30 days prior to mndomization- PatienLs were
excluded iftheyhad ahiataryafaeixuma or unexplained

syncope, epileptiform activity on EEG. acute reIapse
within 3 months of randomization. corticosteroid treat-
ment within 30 days of randomization. or complicating
medical illness. Patients were required LO abstain tiom
corticosteroid and cytntaxic drugs during the study, and
doses and schedules of other drugs were held constant
during the trial. The study Frotocol was approved by the
local institutional retiew board, and informed consent
was obtaid fiwm all patients.

Menaurement of serum U .?aels. Serum samples were
analyzed by a validated procedure based on a previously
described method utilizing solid-phase extraction, high-
performattce liquid chromatographic separation, and ul-
traviolet detection. 1’

Treatment. Identical-appearing capsules were pre-
pared (Elan Pharmaceutical Research Corp, Gainesville,
GA) containing lactose or 2.5 or 5.0 mg of 4-AP (Regis
Chemical Co, Morton Grove, IL) in lactose. Each patient
received a 10-mg test dose of AP, and serum AP levels
were serially monitored for 18 hours. The pharmacoki-
netic parameters for each patient were estimated using
nonlinear regression techniques.’5 Patients were ran-
domized 1 to 3 weeks later w a sequence of double-blind
treatments: placebo, high concentration (60 to 100
n@d), or low conwntration (30 to 59 nglmi). The phar-
macokinetic paxamewa obtained from the tist dose were
used, by an unbiinded phatmacokineticist (D.Y.,N.E.,
K.I.P.), to determine the initial dose for each treatmenl
period foreach patient. Timed serum AP concentrations
were obtained after dosing during the blinded portiona of
the trial, and the pharmacokinetic parameters for each
subject were reestimated using bay=ian estimation tech-
niqu~.’s The bayesian a priori estimates for the calcula-
tion were obtained tim a previous study (D. Young, per-
sonal communication). The pharmacokineticiat was able
to alter the dosage strength and inteniose intervals as
necessary to achieve the desired peak concentration at
the time of evaluation (at 30 hours of treatment). Blindi-
ng waa maintained by having the patient take active
drug and placebo capsules at each dnaing, by not an-
nouncing the dosing schedule to the caregivers in ad-
vance so that they would not be aware whenchangesin
scheduleweremade,bymakingpseudoadjuatmen&in
thescheduleduringtheplacebom andbyhavingthe
u.nblinded pharmacokineticist and Caregivem communi-
cate by facsimile using forma prepared for the study.

E@acy eurzluotin. Prospectively defined tempera-
tu.m+sensitive defiati of visual function and of lower ex-
tremity motor function were quantitated during each
arm of the trial. Evaluations were carried out at the
same time of day during each arm of the study, and WY
temperature was monitored.

The assessment of visual function included determi-
nations of contrdat sensitivity, flicker fusion &equency,
and visual evoked response (VER) P1OO latencies. Con-
trast sensititityl’ was measured with a Pelli-Robson
chz with a different chart for each eye. Eyes with nor-
mal baseline values (> 1.35) were not considered in the
analysis. Paycholo@cal flicker fusion frequency was mea-
sured using a Grass stimulator and strobe light and ex-
pressed as the mean of quadruplicate determinations. i
Eyes with normal baselines (>35 flashes per second)
were not cnnsiciered b the analysis. WZR latacies were
measured for each eye in triplicate on a Nicolet
Pathfinder II with a 30-minute ckmck size, a repetition
rate of 1.5 per secnnd. and 100 repetitions per detertmna-
tion lhcinga were read by a blinded reader and results
~reaaed 59 the mean for each eye as each time poin~
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Table 1. Patient characteristics, AP dosage, and steady-state peak serum levels
I

Study arm
Ms Low concentration High concentmition

R duration MS c_ c_
no. Age Sex (y’r) EDSS type Dosage (n@ml) Dosage (nghnl)

I 51 F 20 3.0 CP 5mg q12h 56 10 mg q6h 89
2 50 F 30 6.0 CP 7.5 mg q12h 35 12.5 mg q6h 104”
3 50 M 8 6,0 CP 7.5 mg q8h 64 12.5 mg q4h 114
4 62 M 12 6.5 CP 5 mg q6h 40 7,5 mg q4h
5

75
43 F 2 6.0 RP 5 mg q6h 37 7.5 mg q4h 66

6 35 F 8 8.0 CP 5mgq12b 39 7.5 mg q4h
7

5:
36 M 9 7,5 RP 7.5 mg q12h 47 10 mg q4h .S7

8 41 M 17 5.0 CP 10mg q6h 51 7.5 mg q6h 93

Mean z SE 46*4 83=6

EDSS score on the ExpandedDisabdity Status Scale x
CP Chronic progreaawe.
RP S.dapaingprograamve.
“ Dosingwaaternunaredafter24 hours because of the occurrence of a seizure. This u the lewd at 24 houm and waa not at steady stata

Eyes with baseline Iatencies in the normal range (<113
msec) were not considered in the analysis.

Lower extremity motor function was evaluated by
physical examination and quantitative testing. The
strength of the hamstrings and of the iliopsoas, quadri-
ceps, gastrocnemius, and anterior tibialis muscles were
evaluated by a blinded examin er and rated on the O-tO-5
Medical Research Council scale. 18The “strength score”
was the sum of the individual leg muscle ratinga. A Kin-
com testing apparatus was used to further quantitate
quadriceps and hamstring strength in isometric contrac-
tion. 19Results were the mean of triplicate deterrnina-
tiona of maximum force with a 60-second rest between
.deterrmn“ ationa. At each time point, ambulation, as well
aa theexamination of the lower extremities by the

~, -.*ded examiner, Werevideotaped. Taped setients
were later reviewed by two blinded ratera (H.S.P. and

~”.. WY-J.) who scored relative muscle strength, reflexes,
l:’ lkdamblti u a on. The sum of the scores is given as the

Dtipe SCOre.m

ie Expanded Disability Status Scalem (EDSS) score
[ :’: -;.@d ambulation index21 (AI) were determined from the

. . :.- of a standard necrologic examination and timed
..,~~ ~ 0ni6ulation..:

- ;~c. Da$a analysis. The Wilcoxon signed rank test was.:>. .
.~:~~ti to determine whether significant treatment-related

.~.---ements were seen.;-
-,‘:,..-. !..+?.

~ta. Patient ch.umcteristics. Eight MS patients

I

(table1) weretreated in a concentration-controlled
,.. - trial of short-term oral AP given in a randomized,..
r’j ‘: ;PktuAo+ontrolled, double-blind format. The sub-
.-:.:. j- CQIISiSM of four men and four women with

“F~-’&tsa rzu@qg from 35 tQ 62 years, disease durations

h%, .-g fiorn 2 to 30 years, and EDSS scores at
&#~L.r~ong frpm 3 to 8. Six patients had a

w @w_ive course, and two had a relapsing
reaaive course.
~’t~ueness of concentration controi. The

{steady-wat.epeakserumconcentra-
*~J~C treatment are summa-

- of 46.1 ng.hl for the

i ‘.: ’.,.,, :.L/s---- ;.; .>--2. ?t: :,..,-, - .,..

low-serum-concentration arm and 83.3 ng.lml for
the high-serum~ncentration arm fell wi~hin the
intended concentration ranges. The observed C_
was within the desired range in seven of eight pa-
tients for the low-concentration arm and five of
eight patients for the high-concentration am. A
retrospective analysis of intrapatient variability
suggests that fd interfered with absorption and
was responsible for much of the observed ahermnt
concentrations (data not given).

!l’ozicity. AP treatment was associated with
serum concentration-related side effects. Overall,
seven adverse eventa were recorded during the pla-
cebo arm, nine during the low-concentration arm,
and 36 during the high<oncentration arm. Dizzi-
ness was the most common toxic effect, occurring
once in the placebo arm, three times in the low+on-
centration ~ and 11 times in the high-concentra-
tion arm. Paresthesia were not reported during the
placebo arm, but occwred four times in the low+on-
centration arm and nine times in the highenmn-
tration arm. Nausea was reported once during the
placebo arm, once during the low-concentration
arm, and five times during the high~ncentration
arm. Nervousness or anxiety was reprted only dur-
ing the high-concentration arm. T-wo serious ad-
verse evenb ~, ~t.h dtig tie tigh~ncen-
tration arm. An episde of encephalopathy Oa!Lu-red
in patient 3 when serum AP peaked at 114 nghl. A
grand mal bmic<lonic seizure occurred in patient 2
when serum AP psaked at 104 rig/ml. Not only were
side effects more common in tie b.igh-serum<oncen -
tration arm, but side effects correlated with the
time of peak ~eruxn levek k most patienti (data not
given). .&P treatment was not associamd with ~~
change in vital signs fic]uding body temperature
(data not given ).

E@~. The resuks of quantir.ative tests of vi-
SUd and motar function are s ummarized in tabie 2.
Six patients had baseline abnormalities in contrast

,~,’-:



‘~able 2. Summary of efficacy Ust resdts

r
k---

‘cacy end pJin c

Viiual Lesxlng

Mean mntram

$ensltWity-

Mean Oicker fumoz
hquency (cpa

Mean P1OOlaten~
(Uiaecl

Quantitaravemotor”~
Hamsmng strength

(dynedm’~
Quadriceps streag7&

(dynedm:)

Neurolngic exammacmn

Smnsthscore!
Wdeotape score#

Treatment arm

Plncebo h= liigb

1.25 *0.06’1.3sf0.0s:1.40 * 0.04$

293 *1.6 32.6 :2.1 29.4 :0.8

142 z 8 141X9 140 x 8

102 * 18 10s :19 107220

145 i 32 15s:29 153 * 30

74*5 75%5 76x 51

120 t 23 126 t 211 127 t 27””

+Mean : standard error.
$ StitiQdly Sdcantly unproved compared with the placebo

arm W = 0.05, %-kxon signed rank test t.
! Tod leg-strength sax-e was the sum of individual cares cm tbe

hMC scaJeIs for suengrh of tbe hmnmm~ snd of the iiiopsoaa.
quadriceps, and amerior tibielia muscles.

1 %atitidy sl@UDtly imprmved cnmpa.red with the placebo
esm w = 0.016. Wikmxon signed rank ~).

# WlecXlped eramioetioa smrcwaath?eumd samegwenbya
blinded tiewer of leg strength md spaatia~ and of amlndntion
.ebi@.

‘“ Statistically ngnif%mtly improvd compnm.d with the placebo
arm @ .0.02, Wknxon signed rank rest).

ie 3. Results of contrast sensitivity testing

Pt
no.

1

2
3
5

6

8

,Mean t SE

Eye

OD
0S
0s
0s
OD
0s
OD
0S
0s

conQ-tlSl Sem.sitivity

(log threabold contrast level)
Placebo bw High

1.05
1.20
1.50
1.20
1.05
1.05
1.35
1.35
1.35

1.20
1.20
1.35
1.35
1.35
1.35
1.s5
1,s5
1.50

1.35
1.35
ND
1.20
1.35
1.35
1.54
1.50
1.35

1.25 t 0.06 1.36 t 0.068 1.40 x 0.04*

“ Improvement annpared wrtb piaceba f? = 0.05, Wkoxon mgned

rank teal.

sensitivity iD at least one eye ftable 3). Of nine eyes
tested, $ve improved during both the low- and
high-concentration arms, three improved during
only one active treatment arm, and only one eye
worsened on ueatment. A statistically significant

.-provement was seen in mean contrast sensitivity
both low and high serum concentrations (table
Mean flicker fusion fi-equencies and mean P1OO

“~itencie+ showed slight improvement on treatment,
but the differences were not statistically significant
(data not given).

Table 4. Legstrertgth scores orInecrologic
examination and videotaped examination score

-. —.

Vipsd

R Tod k@res@I Snmillatiom Score

no_ placebo b. w’ Pbeebc. k. iiigtl

1 U M90 13s 159 162

2 82 60 N-O lx 143 m

3 62 59 66 147 152 170
4 78 16 82 167 150 17:
~

89 89 es 156 152 14S

6 55 62 59 13 36 ?5

7 52 5658 21 26 25

8 62 66 87 175 1S9 1.%3

MeMfsE 73%5 7ss4 76s S UOZ22 126121: 127127f

“TouIkg-mmgths mmwas tAemm4udindoal - m!hebfSCAe”
& SUU@ of rhe bammnnp ad of h Jiopeas. qurh%eps.and anterior
rlbulis Indu

- Vldmeaped exammahcc. scnrcwastbewod- gm?nb~-blhdedm
-U oflegmreng!A d spaswty and of amtndaucm ●biliv

; Sigmkmrtiy mm-cased compared rnti placebo w = 0.016. WdcoxonswDed
rank teetl.

f SIgrurkanrlY IOcreaard compaml with plarebo w = 0.02. WiisorI mcued
rank texl.

Improvements were seen in lower extremity
xamination and in ratirmstrength on neu.rdogic e

of videotapes of the- lower extremity examination
(table 4). Total leg-strength score improved during
both treatment arms in three patients, and during
only the high+xmcentration arm in three patients.
The score decreased during the low-concentration
arm iD three patients. The mean total leg-strength
score improved significantly during the bighan-
centration arm compared with the placebo arm
(table 4). Scores of blinded ratings of videotaped ex-
aminations of the lower extremities improved dur-
ing both treatment arms in five of seven patienti.
Scores worsened in both treatment arms in one pa-
tient. Mean scores significantly improved compared
with the placebo arm during both the low- and
high-serum+oncentration arms (table 4). Quantita-
tive testing of quadriceps and hamstrings showed
small, statistically insignificant increases in mean
strength (table 2). No changes were seen in AI or
EDSS scores (data not given).

Discussion. We found rates of treatment-related
improvements iD visual and lower extremity motor
function that were similar b those reported in pre-
vious short-term trials of AP. Jones et a16 treated
five patients with labile visual symptoms in an
open-label trial and noted improvement in vision
t.e4rtg in ail. Stefoski et a17 studied intravenously
administered AP in a blinded pIacebo-controHed
trial iD 12 temperature-sensitive MS patients and
reported signifhnt improvement of sped5c necro-
logic deficits in 10 patients. In a trial of short-term
oral AP treatment, Davis et ala treated 20 @mpera-
ture-sensitive MS patients in a placebo-controlled
format and reported mild to moderate improve-
ment of either visual or motor symptoms in all of
the 15 patients who received AP and none of the
five patients who received placebo. Recently, the
same group reported a double-blin~ piacebo-con-

Jusw 1- ~ U 1W7
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trolled trial of oral A.P with treatment durations of
up to 5 days.g Thirteen of 17 MS patients improved
on AP and only three of nine patients improved on
placebo. These studies suggest that A.P may induce
improvements in specific necrologic defici= in MS
patients, but the studies were limited by questions
about blinding, failure to randomize treatment,
and failure to either use prospectively deflmd nec-
rologic deficits or adjust significance levels co com-
pensate for multiple comparisons.

A recently reported randomized, double-blind,
placebo-controlled, crossover triaI of APl” addressed
some of the design weaknesses in earlier studies
and suggested that not only can AP treatment im-
prove specific residual deficits, but it can also im-
prove overall function. In 68 patients recei~-ing es-
calating oral doses of AP over 3 months, the mean
EDSS score improved by 0.28 with treatment. Ten
patients improved by one point or more in the
EDSS score on AP treatment and only three wors-
ened, whereas no patient improved by that much
on placebo and 11 worsened. whereas improve-
ments on quantitative tests for vision and oculomo-
tor fimction correlated with serum AP levels in in-
dividual patients,ll overd necrologic improvement
did not. ‘o Although the escalating dose format
could have unblinded patients and examiners,
these results are the most convincing to date that
AP treatment can lead to tictiomdly signi.flcant
improvement in residual deficits in MS patients.

Testing in the present trial utilized measures
that yielded quantibtive results (flicker fusion fre-
quency, contrast sensitivity, VERs, and quantita-
tive determinations of quadriceps and hamstring
strength) b allow the detection of a serum concen-
tration-response relationship. Although the re-
sponse rates showed a slight but statistically in-
significant serum concentration relationship, the
magnitude of response was not serum concentra-
tion-related for any of the measure s employed. We
may have used too few patients and serum concen-
trations to detect differences. The serum concentra-
tion-response cume for AP may plateau at high
concentrations, and we may have chosen two
serum concentration ranges that were on the
plateau. The lower serum concentration range of 30
to 59 nghn.1 may therefore be adequak for inducing
improvement of some necrologic deficits.

The frequency of paresthesia and dizziness in
the bgh-sermnumcentration arm is similar to that
in other trials. St.efosh et al: reported paresthesia
in 12 of 12 patients treated with intravenous AP
and five of 15 patients on oral AP, and van Diemen
et all” reported paresthesia in 15 of 68 patients on
ond AP. Jones et ale found dose-limiting dizziness
d disorientation in five chronic MS patients. Ste-
fcwki et al repated dizziness and gait imbalance in
five of 12 patienta receiving intravenous A-F and in
13 of 17 patients on oral AP,g Van Diemen et alla m
xdiZZilleas in360f68DatientLL

venous AP induces seizures in mice,n and seizures
occurred in patients receiving AP treatment for bo-
ttdism,” myasthenia gravis,24 and La.mbert-Eaton
syndrome.24 No seizures occurred during 3 months
of A.P treatment in 68 patients,l” but seizures oc-
curred in two patients horn that study who contin-
ued open-label treatment (C. Polman, personal
communication). There are no previous reports of
serum levels at the time of AP-induced seizures,
but serum levels greater than 100 nghnl have been
reported in patients without seizures (reference 11;
F. Davis, personal communication). Because the
high-serum-concentration arm produced much
greater toxicity than the low without any obvious
therapeutic advantage, it seems likely that clini-
cally useful serum concentrations would be in the
30 to 59 nfghl range.

The present study was limited by a small sample
size and short treatment duration. The sample size
was based on the crossover design, the use of con-
centration control, and the reported rates of im-
provement in previous trials. Eight patients ran-
domized to three arms are equivalent to 24 patients
in a three-arm parallel design trial.~ InterPatient
variability is mMmized because in a crossover trial
each patient serves as his or her own control. ~ Vari-
ability is further reduced by serum concentration
control. The observed response rate was similar to
the 80% improvement rate seen by others. 7.9The
short treatment duration employed in this trial was
based on previous reports of responses with similar
or shorter treatment durations. ‘d We calculated the
minimum time necessary to achieve a pba.rrnacoki-
netic steady state in all patients. Other studies
found that side effects are greatest when drug treat-
ment is started and then decrease with duration of
&eatmenGl” so our patients may have experienced
maximal side effects for the serum concentration
used. The latter limitation may have contributed to
the lack of improvement in overall fiction (13DSS
and AI scores).

This trial demonstrates that a new methodology,
concentration control, can be usefidly applied to the
assessment of some drug treatment effects in MS.
The use of concentration control methodology in
clinical trials was first proposed by %nathanan
and Pech u based on the development of techniques
to predict an individual’s pharmacokinetic response
bm population pharmacokinetic characteristics. Is
This allows dosage adjustments to & made in pa-
tients in real time in response to serum concentra-
tion measurements. Tbi9 methodology, successfully
applied to the study of the antineoplascic agent
suramin,= appears to be applicable to neurolo~c
diseases as well.
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Cross-cwer Study
Harrier A. Jf. van Diemen, MD,” Chris H. Pol.rman, MD, PhD,* Tlm M. M. M. van Dongen, PhD,$

Arie C. van Loenen, PharmD,$ Jos J. P. Nau@ PhD,* Mmin J. B. Taphoom, MD,+

Ham K van Waibeek, MD,*” and Johan C. Koecsier, MD, PhD”

To find out whecber uear.merat wirb 4-aminopyridine is beneficial in muhiple sclerosis (MS), 70 pauiencs with definite
MS entered into a randomized, doubl~bhasd, placebo-coauolled, cross+ver crkd in which &y were ueaced wirts
4-aminopyridine and plxebo for 12 weeks each (maximum dose, 0.5 mg/kg of body weight). The escimared effex of
the rrearmenr as measured wirb che Kurczke expanded disability srarusscale, which was the main evaluation parameter,
was 0.28 point (p = 0.001). A significaoc decrease in rhe scale score (1.0 point or more) was encountered in 10 pariencs
(16.4%) during oral crearmerst with 4-aminopyridine whereas it was nor seen during placebo rreacmenc (p < 0.05). A
significant subjective improvement (defined as an irnprovemenc thm signi!kaorl y affecred & xcivicies of normal daily
life) was indicared by 18 parienrs (29.5%) during 4-am.inopyridine creaunenc and by 1 patient (1.6%) dsu iug placclw
ueaunenc (p c 0.05). Significant improvements relared ro 4-amioopyridine occurred in a number of neurophysiological
pmmerem. No serioIMside effem were encountered. Howwer, sub~ve side effecrs such as paresrksias, dizziness,
and Iighc-headedness were frequently repnrred during 4-aminopyridine ueacmenL Analysis of subgroups revealed
char cbere was no difference in efficacy been chose pariesscs randomized to receive 4-aminopyridine and then
placebo and &se randomized co r-eive placebo and rben 4-aminopyridioe or berween pariencs with and those without
~~lbjexive side effecrs. Especially piuients with cempera~ nsicive sympcnms and par.ienrs characterized by having

onger duration of rise disease and being in a progressive phase of che disease were likely COshow clear clinical
uenefk

van Diemen HAM, Polman CH, van Dongen TMMM, van Loenen AC, NauraJJP, Taphoom MJB,
van Walbeek m KoersierJC.Theeffectof 4-aminopyndine on clinical signs in multiple sclercm.s:

a randorruzed, placebo-conrrded, double-blind, cross-over srudy. Ann Neurol 1992; 32: 123-130

In a small numlxr of srudies, che pas.sium channel

blocker 4-arninopyridine (4-AP) demonstramcl an abil-

iry to induce a transient improvement in clinical signs

and symtoms in paciencs with multiple sclerosis (MS)

[1-4]. These favorable effem probably are due co rhe

resroracion of nerve conduction in demyelinared neme

fibers by prolongation of the repeWon phase of

the action pcxenod [5-7].

Although remarkable improvements were reported,

especiai.lv concerning motor and vmal funcuons, def5-

mre conclusions c.mnot be drawn from rhes-e srudies

since the drug ULM~ven for a ve~ shon period [O

small groups of IU_@-dvseleaed panenrs. ,Mosr of che
srudies either were no[ mndorruzed or nor controlled,

or used Uncomcjn ourcome crlren~

In r-his srudy, we present rhe resul~ of the firsKran-

domized, double-blind, piacek-controlled, cros~ver

srudy wirh Iong-term oral adminisuarion of 4-AP in

parienrs wirh MS. The effecr of 4-AP on the clinical
signs in MS was invesrigared in 70 pasients wirh clini-

cally defirute or laboraro~-supporred definite MS ac-

cording co the criteria of Poser and associates [8].

Parienrs and Mdmds

Se&ctcon of Parimts
The mciuston cncena were defimre MS (8], a Kuruke ex-

panded dis.abiliry scams scale (EDSS) score at enq of 2.0 ro

‘.> points [9], and an age between }8 and ‘O years.
Excluslon cnrena were a recem relapse. concommanr dis-

mses confusing or mmuckmg [he plcrure of .MS. and a medl-

r. .. -”-., .- ., ,-.



cd hmo~ ofepdepuc nts or carjuc, hepauc. or rend disease
Pregnant women or women of’chdd~anng age no! using an

effecuve method of b~-rh conrrol were also excluded as were

pauenu who used any oche: metilcation having a snrnulaung
effecr on neurorransrrurre: release. Before eng mro che
srudy, electrocardiography rECG ) and blood examirsanons
(hematology, liver and rem! fu~crion ) were perrormed. Pa-
uenrs uwh abnormaliues were nor eligsbk ior [he srudy.

Informed consent WM obtained from d! paoenrs before

being accepred mro the w-dy. The promco~ was approved
by rhe Echlcd Comrrumec O( [he Free Uruversim HospIral.

Amsterdam.

Trswnunt
4-AP capsules t 5 mg and 10 mg ) and placebo capsules (Aw-

eel) were prepared by rhe hosplcal pharmaceuucal deparr-
mem. All parienrs were rre-ared with borh 4-,+P and placebo

for 12 weeks. each according COa randorruzed, bouble-blind,

cross-over study design. There was no w-uh our berween rhe
hsr and the second rreacmenr pericd, Parrencs were exami-

ned u rhe ourpanem chmc (Free University Hospiral, Am-

sterdam) ac the srarrof rhe rrearmenr (week 0) and at weeks
2.6, 12 (cross~verl, 14, 18. and 24, The sramng dose for
bcsrlsrrearmen[ periods wu 10 co 15 @day m rwo to rhree
diwcied doses, whsch was elevared wir.h 5 co 15 rr@day as

weeks 2 and 6, respectively, and weeks 14 and 18 up co a

maximum dose of 0.5 mgkg oi My weghc. The doses of

4-AP and placebo were decermmed on & bam.sof occurring

efkzs or >ide effects. Compliance of rhe pxienrs was con-
rrolkd by counung capsules and measuring 4-AP serum
levels.

AJwrmenr

Clinical assessments were made by means of rhe EDSS and
rhe functional systems (FS) (9]. [n order m prevent mrenarer
“~fi~, M paciencs were etied by che same blinded

physician (H. A, M, c. D.} during rhe course of rhe srudy.

The EDSS and FS scores were obraind as weeks O,2,6, 12,

14, 18, and 24.
Visual acuiry (VA) and cono-asr senwrivrry (CS) measure-

menr.s were used co evduare rhe oprsc funcnon. VA w=

measured using rhe Sneilen chin. CS was meaued using

rhe conrra.w senslrivq rest charr IVCIT 6X0 Nismch Con-

suiranrs, Inc, Dayton. OH; I. as described m detail elsewhere

[10, 11]. VA and CS were measured before r-he scan of

rrearmenr and ar r-he end or_ che nrsc and second crearment

periods.

AU side effem or conco,curan~ dca.ses rh.ar were encoun-

tered bv rhe panenc were re~:ered Re: .pses were docu-
rnenred

To eva!uare [he sublecsve response of :he panenrs, a
$.plnr nomlnd sc~e ~gng {rem - - [0 – - W~ @

Tne pmenr wu iskeo ro incicxc ~ m cue 2: no cna.nge. –

or – in cxe 0::2 sijg.nr c.?rove.merir or de. -.; .-~orw]on. uc

– - Or – – in i3..se Of J S)kY71Ci7: 1.71prO$e.T.r?~[ >r de Teno-

noon, respec:iie:~ >i~.mc~nr ----- ~rove~jen: nr 3e:erlor200r.

wu jeF. nec a ~-. ~?:ov- ..=en: :: ie!encr-~cn mm SlgPX-
. .

cmri{ 3JTecre J me 3c::v::ics 3: ntr~w JLV ~re >mlecn’:~

resoonses wer: :efgster~: L, :.7? erlc or Lnc 3.31 l.nc Llc

second rremen: perloc .A..ve: L; e nrsr us-l~derlr yrloc, :nt

response of rhe patient wx bm.ed on a sublecuve difference

berween week O and week 12. After rhe second crearment

permct. rhe response of rhe parierrr was based on the sub ~ec-

ave difference between week 12 and week 24
As neurophyslological parameters, visual evoked poren-

rsals (\rEPs ) and eye movemenr regismacions ~E.MRs ~ were

dererrmned and elecrroencephalographv (EEG5 performed,

A derailed description of r.he used regssrrauon cechnlq ues for
VEPS and E.MRs in our labomrory was ~ven by van Dongen

and coaurhors [ 12]. These regmraaons were peri”ormed be-

fore rhe scan of the rrearmenc and ar rhe end of she nrsr

and second crearmenc periods. Evaluation pararnerers were

Iarenq and arnplirude of rhe P1OO peak for rhe VEP and

saccadic latency, peak vekxiries of eye movements, arsd

smooth pursuit gam of the criticai frequency for che E.MR

The EEGs were recorded on a i6<hanne1 Siemens Elema

machine (Siemens Elema AB, SoIrna Sweden J using che m-
rernariorsd 10-20 system of ekccrode placemenr wlch refer-

ential, source, and bipolar monrages (bandwlch. -3 dB:

0.26-30.00 Hz). Hypervenciiacion and phoric scirnuiaaon

were done routinely during recording of ar [esssr20 rmnures
The EEGs were recorded before rhe srarr of the creacmenc
and afrer 2 weeks of each rrearrnenc period. The EEGs were
scored by conventional visual inspection by an experienced
neurophvsiologisr who was aware of rhe srudy prom.coi bur

unaware of rhe clinical hisroq of rhe pacienr and rhe medica-

tion used.

Blood srudies (hemoglobin. wture blood cell count. plare-

lers, q crearinine, coral prote~ alkaline phosphacase

[AFl, sesurn ghsramic+xaloacecic (SGOTl, and giuramsc-

pvruvic UanSaMinases (SGFTI, gamma-gamma-glurznvl-

rransferme, Na -, and K-) were pefiormed before en~ mco
rhe srudv and as weeks 2, 12, 14, and 24,

E/jkq Paranwen
Ar rhe scarr of rhe rriai, we decided rhar rhe p- analvsls

would revolve a compansoa of rhe EDSS scores. Both [he

numbers of pacienrs showing a signi.6canc EDSS change ( 1.0

pou-sr or more [13– 15]) and rhe mean changes m EDSS

scores ar the end of beds creasmenr periods were co be evalu -

ared. Secondary evaluation Pararnerem were r-he sublecuve

responses u mdlcared by rhe Panen[, the FS. rhe number O(

~b$esl fhe resuks of rhe m-uremenrs of opnc funcuon,
and rhe resul~ of VEPS and EMRs.

Responders ro 4-AP were defined as pariencs wIrh e:rher
a decrease of rhe EDSS of 1,0 pnr or more or a SIgfiCa.nr

Posmve sublecrave response during tie trearmenr period wIrh

4-.4P

Prefh-em-e and Predicrron
Ar rhe end O( [he srudy, pacsenrs were askec ro Inclcare

during whach period Oi rremrnenr rhev felt be~er Iprer_er-
ence; and during whIch Knm the,; rhou~r ;..+? mU L-

ITurusrerej Iprecilcnon I



---- intravenous merhylpredrusdone (Solu-~Medrol. 5 x 500 mg’

was msdled were uwhdrawn from the srud} ar the momenr
of rhe miriarlon of the srermd admsmsrrauon, since the data

tobe obrwsed afier thjs momenr were believed co be i-u_ghl}

influenced by the srerold trearmenr.

Side effects ancUor toxaciq were evaJuared m ail pauents
who enteredchesrudv [fparienrswithdreufrom che srJd!’

during rhe first period (i.e.. before rhe crossaver~ and there-

fore did nor enrer the second pet-sod. only the side e%cs

during the first rrearmenr perrod could be considered. 1{ pa-

rzems withdrew during the second period, the side effecs of

borh periods were evduared.

The analyses of efficacy were performed only m chose pa-

tients who complered at lea.w 2 weeks of a r.reatmenr permd

This means rhar I( panenrs wdsdrew from the srudy ciwm-sg
rhe first 2 weeks of rhe firsr persod, efficacy was nor evalu-

ared. If pacienrs withdrew from the srudy during theiust
periodafter as least 2 weeks of trearznent, efficacy was ana-
lyzed for rhis period based on the dara obrained during rhe

last visir for which the Parjent was srilJ receiving rreacmenc.
If patients withdrew from [he srudy during rhe firsr 2 weeks

of che second pa-rod, only rhe effrcag results of [he firsr

period were analyzed. If paoencs withdrew from the sr~dy

durrng the second period after ar Ieasr 2 weeks of trearmenc,

efficacy was anal yzed for both periods. Analyses for che sec-

ond period were based on che dara obrained durrng the lam
visit for which rhe paaenr SUIIwas receiving rrearrnen C.

—.
“utislicaf tbdys;s

~ause of the cross-over desgrs, in order co interprer cor-

rectly rhe results of rhe second meacment period. It was csec-

essary to invescigare whether or nor rhe responses obsewed
during this period were influenced by rhe medicaraon ~en

in the first period. Thus, we invesngared wherher there was

any residual effea of 4-AP dsar persismd from the fsmt ro
8 rise second period. To wsr hypotheses of zero residuzd effect

of 4-AP, for each response varrable separately, rhe sums of

the response for rhe fsrsr and second ~ em periods were

compared berween che rwo rrewusemarder groups by means

of the nvo-sample 1 tes[ or W ilcoxon’s rank-sum resr (m case

of nonnormahty), Following the recomznendaoon of Gruzle

[16], the hyporhes~ of zero residual effecr was tesred a.r a

s@cance level of 109f. [n the absence of a residud efkcr

. of 4-AP, ro inves~e the effect of 4-AP, che following
merhcsd was used: Taksng each variable separately, for each

subpm the responx obsemed ar r-he fmr creao-nenr period
w= subtracted from rhar obsemed u the second period. Tne

sampling disrriburron for rhe 4-A P/placebo rrearmenr-oraer

group reflecred the sysremarsc dewanon ot’ 4-APover pu-

cebo. wt. .rezs rhe samplmg dmribunon for the omer

crearrnenr~rder group reflecred dms same devlarson wIrk rtie
opposite s~n, The nyporhesls oi no effecr oi -1-AP unpbes

char the samphng cilsrnbuuons of the mvo rremenr+r~er
groups .we che same Hvpocheses O( no eti-ec[ were res:ec

_+mo-sided 3: J sjgruncmce !evg! ot >’--r . usInE e)rhe: = o-
___

“mpie : rests (or Y$’”iicoxofi 5 rank-sum resrs If {or 3 z~en
.

>Ulable, :he. . fa3.s i~vl,2emr :Clr 3 P2SICILLX etiec: !>[ +.1; -n=

amuvs Is u3.5 Tesrnc:e: :0 rive J3CI 0[ [nc nrsf .J-earm en: 25-

noo, in wnj~~ cw r.ne reszn3. ses in me plaie5C Arlc --.’. ?

CK3rrnenr qroups were corn.pwec ot e)t.ne: mo-sm-. ?le ,“::S:s
or ‘Wticoxon , mrm-sw. resrs

Tk method of analysis of side effecrs was stilar 10 dle

mer.hl oudmed above. except dsat responses are binary
(pres.a: or nor presenr ) rather rhan serruquancitarive or quan-

utauvt .4 discussion o{ the analysis of binary dau m tie

conrex: of cross-over @ was given by Flem [ 1-].

The :ependency of being a responder on pauents’ charac-

rerisncs was tested using chi-square tests or Mantel’s resr

for a rend m a proporuon. To studv the influence of such

characrermcs. simukamously logistic regression was used.

Resuics
Parikn; Population

Sevenry patients, 45 women and 27 men, emered the
trial. I%esr age ranged from 23 to 68 ymrs (mean, 4 [.6

years; m.4irs. 41.0 years). The duration of disease

ranged from 2 months to 25 years (mean, 86 monciw

median. 72 morsrhs ). The mean EDSS score was ~.O
(median, 5.5 ). A chronic progressive form of MS W=
present in 52 pacienrs (74.3%). Eighteen @enu
(25.-7 I had a relapsing-retiming form of che disease.

Based on anamnesac inforrnaion, 67% of the pacierscs
were te.m~rarure sensitive and 239(were not ( 10~

nor clear}.

Medication

The man daily dose of 4-AP shin.iscered as the end

of che crearrnenc period was 31.2 mg (range, 10-50

mg, dstlded in rwo-four doses). The 4-APdoseper
ldogramofbodyweightraragedfromO.17to0.55mg.

Wffbdfawafr

One ~enc who was randomized withdrew from rhe

studv before taking anv medication.

During the firsr rrearment period, which was entered

by 69 parienrs, there were 6 wirhdmvals. Two patients
withdrew during the firsr w~k of the 4-AP rreacment

( 1 due ro subjemive side effecrs, 1 due to a stomaciris),
1 parsent widsdrew after 4 weeks of 4-AP admimsrra-

cion because of obsnpa.tion, and 3 pariencs (2 during

placebo and 1 during 4-AP) were withdrawn from the

srudy berween week 6 and week 12 because of a dere-

normon of their clin.icxd neurological srarus for which

inrraverious merhylprednisolone was given. Subleccive

side etiects and romcIv dursng rhe fu-st crea.rmenr pe-

noa were evaluared for all 69 pauencs who entered Ir

1~~ receiwng 4-AP, 35 receivusg pkicebo). The evalua-

rmn 0( eficary data was performed for che f- panencs

~j~ recelvlng ~-.AP, 35 rece;ving placek) who com-

pie.rec u lemr 2 weeks of rrearmenr.

.~ire~ :ne crossover during tie second rrearrnenr

;er!cc z“nich was enrered bv 63 pacsen[s, [here were

‘- w,-u. G.quus or,< pauenr wl(hdrew within :he m~:

wet~ :: Lne .-.\F’ tre~meo[ Ixcm.se oi su~lecrsve sl~e
~r”.-u.--, -.. i------- 33uents a“lmureu. kween weeks i: 3nc ~+

J’de :.: j:31~WVe si~e e.fi-ecx I ?auenr on +-.AP anc
-J::en: Ioc place’bo L-~UIIen[~,anc ~ pauents were.

1+
I*

i!



wlchdrawn from tie study between weeks 14 and 18

(dl placebo) because of a deceriorauon df rhe clinical

neurologicaJ srarus for which chev were rreared with

mcravenous mechvlprednisolone. AU 63 pacienrs were
evaluated for side effects during che second crearmem

period(33receiving 4-AP, 30 receiving placebo). Effi-
cacy parameters were analyzed for chose 62 parienrs

(32 recewing 4-AP, 30 receiving placebo) who finished
ar least 2 weeks of crearment during rhis period.

In summary, a coral of 6 pacienrs wirhdrew because
of side effects (5 on 4-AP, I on placebo) and 6 ~enu
were wirhdrawn because of intravenous sreroid rrear-
mem (5 on placebo, 1 on 4-AP). A coral of 57 pariencs

complered rhe srudy protocol.

hse~~mentof Eficq

There was a scar.isuca.Uysignificant escirnared effecs of
4-AP on che mean EDSS score after 2,6, and 12 weeks
of creacmenc, as is shown in Table 1. As shown in Table
2, the significant effect on che ma EDSS score holds

for rhe parienr group rhar was first rreared with 4-AP

as well as for rhe parienr group rhar was first rreared

with placebo. In Table 3, die changes in EDSS scores
per creacmem period are indicamd for all parienrs; there

Tab& 1. Ertimated EffutJ 0[ Orail) Admtnistcnd
4-Aminopytidinc (4-API on tbe Expanaid DsJabi[ity Status
S& (EDSS)

Response Esrirmared Effecr 95Tc Cosshdence “
Variable of 4-AP intend p Vaiue

EDSS (afrer – 0.15 (-0.29, -0.00) 0.043
2 wk)

EDSS (afrer -0.24 (-0.38, -0.10) O.(Ml
6 wk)

EDSS (afrer -0.28 (-0.41, -0.16) O.OCOl
12 wk]

Tab/c 2. The Mean Ecpan&d Duabtltty .$UIW ScaL (EDSSI

Score and !he Mean Cbangt tn EDSS {AEDS.SI after

Weeks

Tabie 3 Chzngt~ in the &pan&d Duabt[tt> S[acu~ Scale’

4-AP Treaunenr Period

k Unchanged fl Dropour TOUI

Placebo rreuroenr period

U 00 00 0
Unchanged 6 43 22 53
tl 6 01 11
Dropout :2 6
Total 10 51 H 70

‘For ail panerm. rbc change during bosh neaonenr periods can be
derived from tie able. Bold numbers indicare the numbers of pa-
rienrs WICha sqpuficanr change.

11 = a dcc~ m EDSS of 1 point or more; tl = an uscrea.u m
EDSS of I FXXUor more; Unchanged = a change in EDSS Of le$s
dun I pomc +AP = 4-aminopyndine.

Tab& 4. Su&-rtav Restinsaa

4-AP TreamaencFenod

-+ +/(y - -- Missing l-oral

Placebo rr~ent period

++ o 0 0 1
+/(y- 11 3: 1 1 49
-— 7 6 0 2 15
Missing o 1 1 5
Toml 18 44 2 i 70

‘Forailpaoeocs,d eclaang edurissgbods meaaoenc periods can be
derrved from rise able BOld numbers indicam the numbers of pa-
nenfs wds a 9gni6canr change.

+ + = sti~c smprovemerw +/(Y- = ISOSigdjC2SSC C*S,
_-= sti-c unpairmenr. 4-AP = 4-aminnp@ine.

was a significam difference in favor of 4-AP trearrnent
(P < 0.05), This table illusrrares thar rhere w-as a sig-

ni.ticant improvement on the EDSS in 10 p-a.ciencsdur-

ing rhe 4-AP period whereas this did not occur during

che placebo period. A signi6cant increase of che EDSS
score was regscered in 3 p-aaen~ during rhe 4-AP pe-
riod and m 11 panenrs during placek rreacmenc.

In Table 4, rhe coral number of subjective improve-

menddererrormions during cbe 4-AP and placebo

rreacrnem periods as reported by che panenrs is shown.

A significant improvement was reporred by 18 pariencs

during 4-A? creaunent and by 1 panenr during placebo

rrearrnenr, wherw a sgnifscant derenol mien was re-

pro-red by 2 pariems during 4-AP crearmenr and by 15
pauenu du.n.ng placebo cmarrnem (p < 0.05).

Concerrxng the FS, a si@cant improvement wa-s
found for ‘me pyramsdal iunmons (p < 0.01 ) after he

period WILT 4-A? crearrnenc.Xo SI~Canr changes

were repsrcred for :he cere’bellar. brams[e.n. semen.
aimider mc ‘50wei. and cerebml fimmons.

There we:: nG Srmlsucallv Sugrulkmc Chmllges :fi
me opuc S.mcuon. x .mea-sured WIti & V.+ anc CS

TtiIe ‘

,,,-, .- . . ----- -’.



Tabh J Gtlmtted EffK~J o/ Ora[l> .{dmrniJr& 4-Amtno~ nd:nt ~.f-AP, on Op[:c Fun:r:on and .Vtump~~:oIogtra/ rei.-i
. ..—

Esurnared Effecr 9>? Connience
Resoonse Vamable 0[ 4-AP Interval p Value

viY.Iai acusry’
OD
0s

Conrrasr sensn’i~
OD
0s

Visualevoked pocenoal
Latency (msec) OD
Amplirude (pV) OD
brency (msec) OS
At-nplirude (pV) OS

Eve movemenr regiscmtion
Smooch pursuit eye movemem

Gainb
Saccadic eye movement

Lxency (msec) OD
Vmax (d/s) OD abd
Vmax (cUs) 0s abd
Vmax (&S) OD addb
Vmax (&S) OS addb

—
—

0.26
-0.07

-3.86
0.58

-3,16

-0.28

0.14

-1.95
21.65
28.99
7-.50

131.38

—
—

(-0.56, l. O-I
( -0.95, O.EI)

( -6.9-, -0.-5)
(-0.08, 1.?5)
(-7.13, -0391
(– 1.0-, 0.51)

(0.06. 0.25)

(-7.76, 3,8-)

( -1.50, 44.80)
(-6.80,64. --)
(137.1, 141 29)

(57.15, 205.60

0.058
0.399

0.5;1
0.8-1

0.o1-
0.088
0.030
0.486

0.001

0.506
0.068
0113
0.019
0001

‘ked on Wiicoxon’srank-mmrex becauseof nomonnal dara
bked on rhe response of &e iimrcreacmesxperiod because of a resld~ effeer Of 4-a.minopyndine (P < 13.05I

OD = righr eye: OS = left eye, Vmax = PA velocity; add = adduco~, aM = abducnng;d/s = degrees second

RelapsesoccurredinIpatiemduring 4-APcrear-
mencandin4 paciencsduringplxebouea.rmenc.
Theresultsofcheneurophysiologicaiassessmentare

nmmarizedin Table 5. A sr.arisucally signifscam effect

of 4-AP was found for the VEP larencies of both eyes,
while there was no significam change in VEP arnpii-
rude. The EMR showed a statistically signiticasx effem
for the smooch purwh gain and the adducsion peak

velocities of both eyes.

Sri& Eff@s and Tuxicity

Side effecrs (Table 6) were experienced during both

_ent periods by 10 patients and during one of
both by 44 paciencs (6 during placebo and 38 during
4-AP rrearmenc, p < 0.0001). In general, these sub)ec-

cive side effecrs were reporred to be mild, ahhough 14

paciencs (all on 4-AP trearmenc) needed a dose reduc-

tion and 4 pacienc.s (3 on 4-AP, 1 on placebo) Wtchdrew

from the srudv because of subjecave side effects. ~Mosr

parients reporred Aese s]de efiecrs to occur 30 co 45

IIMnutes afrer &rig rhe mechcauon, while they gener-

ally resolved wlciun 2 co 5 hours.

.4 number Oi mc]denral dlnesses were obse,wed.
During the J-,4P crearm~nc phase, rhe dugnoses were

qsuus (2 panencsl,stomautis~1 pauenr; . cranswnr urti-

c~a ‘ 1 pauenr. iracrure ~i 3 met3iar# kne I 1 pa-

nenc), md ankle &srorslon ( 1 paaenr, During me pl3-

Ceb rrexrrsenc, cfie &agnoses were .wsnas 1 paaen:

Ulgsna Oi che Chroa I i paaenrl, Jeep venous thrOtll X-

Tab& 6. Subjustu St& Efiuts lCortzbtnations within

Patients Dtd (krtir)

No. of No. of
Subjective Pasiencs during Ptienrs dting
Side Effects 4-AP Period Placebo Period

Toral no. of parienrs 48 16
wirh side effem

Panschesias and 15 10
dysesthesias
(w flOid, bands
and feet)

Duziness 36 4

(Iighr-heackiness)

Gal[ Ulsrabdiry 11 1

Nausea (and 9 —

vommng)

Restlessness and -1 —

xnmery

Abdormnal pam 5 .

Obsnpamon 1 —

He-achche — i

J-AP = -1-.umnop~ntime



sis in the leg 11 pacsem), and a fracru.re of rhe col.lum

of the hip ( 1 .ment~. In all these paciencs, the reacuon

fo rhe irmzkd creacrnem was appropriate.

No epdepac firs were encountered. [n 2 panenrs,

signifscanr cbnges in the EEG were found. In 1 paenr

generalized spikes and spike wives were recorded dur-

ing 4-AP trm.crnenr and in I a sigrsiiicanr increase in

rempcmd slow-wave acaviry u= obseswd dwmg pla-

cebo crearmem.
The blood tests did nor show any signi6canr e!%-crs

of 4-AP on me hemarological. renal, and hepacic pa-

rameters or cbe electrolyws (all d-p > 0.05). Abnor-

mal valum in individual parients were aJways clirucaily

irrelevam anti rransienc wirhour reqting changes in

che crrmcmenr prmcxol.

Pefmce and’ Pmhon

Of rhe 62 pnencs who were able co compare che efi-

cacy in borh periods, 20 &d not have a preference.

Thirrpne ~encs preferred the 44P period and 11

preferred rhe placebo period (p < 0.01). Ferry-six pa-

tients (our of 62 ) chcmght char rhey were able m predicr

in which of de rwooral ~eoc periods4-AP was
given. For 41 patients, this prediction w correct and

for 5 it was not (p < 0.0001).

R@ondm to 4-Aminopyrdinc

Eighreen pariaxs (29.5%) were charamerized as being
responden m 4-AP. The percentages of responden in

pariencs with and pasienzs withour subjective side ef-
fects during k 4-AP period = respemiveiy, 33.5%
and 33.396 (p = 1.0). Pacienrs wirh side effecs dur-

ing beds ueasznenr periods were excluded bm this
analysis

Di&rences in pasienc cbaracrerisrics between the re-
sponders and the nonresponders m 4-AP were found
for a number of variables. Significantly more respond-
ers had a l-r dtion of disease (rqxm.se rams

rising km 7% for paciems with a & dtion
< 3 years m 46% for paciencs with a &sase duraoon
> 10 year% p < 0.05), had increased EDss scores

(response races rising km O in paoencs with an EDSS
score s 3.5 m 42% in pacierm with an EDSS score
z 5.5, p = 0.0 I), had in- pvramidal funtion on

the FS (p < 0.05), were us a chrome progressive form

of rhe & as compared co a relapsing-mnimng

form (reqmnse ram 37cZ and ‘%. respecuvely, P <

0.05 ), and w-efe rempemrure senslnve as compared co
nonremperamre semuve ires~nse rares of 38% znd
ij~~, ~es~e!y, p < 0.0S 1, XO $l@lUiCU.r d~l;-er-

ences were 5wna for age L.O = 0.0”61: sex I: =
0. S52); age c{ onset (p = O 329). progression cXti -
clenr p = ~ ~“>y ma cere’x:h ; = i 0, jrmns:em

? = 0.j-18. senmm p = 0.-’?9. and blxce: LIG

bowel (p = ,2.6-2 hcaom on -me FS. CSKW !OEXDC

regression. & “au.m.noll 0; L-X dise35e” arm “Ae “:cz. -

perarure sensiciwry of symptoms” were che most um-
porranc prognosrlc t-acrors.

Discussion

The results of rhis randomized, double-blind, piacebo-

conrrdled, cross+ver srudy, in which the EDSS was
the main evaluation pammerer, demonsrrare rhar 4-AP

is superior (o placebo and has a favorable effect on rhe
disability of MS pacienrs.

A significant diKerence concerning the mean EDSS
score of 0.28 point was found in favor of the 4-AP
period compared to the placebo period. This differ-

ence occurred irrespective of r-he cross-wer design of

dse trial, as shown in Table 2. In both rhe placebd

4-AP and the 4-AP/placebo puienr groups, r.he EDSS

score decreased during 4-AP -and increased during pla-
cetm rrearmenc.

Since changes in the EDSS are nor of equal impor-
tance over ics whole range and since a difference of
0.28 EDSS point is clinically irrelevam (rhe srmdlesr

change char the EDSS recognizes being 0.5 point), it

aught be more appropsiare to anal~e che number of

parienrs thar showed a change of 1.0 point or more on

&e EDSS. Most experm agree char a change of as Im.sr
1.0 point represmm a signibsx change in rhe context
of a clinical * his change being indicative of an
imporrasx change in the clissbility of an MS pacienr
~mss@ for example, becwen EDSS wores 5.0 and

6.0 che requirement of constant assismnce (cane,

cmrd brace) m dk 100 m 200 m and txmveen

EDSS scores 6.0 and 7.0 rhe d.ifYerence berweers being

able co walk (although requiring assistance) and being

essentially resrncred m a wheelchair [9, 13-15]. A sig-

nifkam decrease in EDSS score5 was seen in 10 pa-

aenrs (16.4%) during 4-AP tracmenc whereas it was

not seen during placebo trearrnenr. A sigriificanc in-

crmse in EDSS score vms seen in 3 patienrs (4.9Yc)

during che 4-AP period and in 1 I paciencs (18%) dw-

ing cbe placebo pericxi. Of course, rhese dam axe influ-

enced by rhe cro~ver design of rhe srudy, since, for

example, in 4 p-aciencs an improvement during 4-AP

n-earrnem in che fit period was foUowed by a decen~
ration during placebo rreacrnenc in che second period
(probably relafed co 4-AP withckawal). Because of rhe
ShOIT du.rarion of each rreauzsent period and because

of the cross-over design, we refrained from analyzing

che time co reach a signifscam change.

Our dara confirm the conclusion of Davis and col-
]qes [3] and SCefoski and awxiares [41 h or~~

ximum.srered -LAP cars produce clinidlv imporcanr

unprovemenu m LVS @encs, although rhe percentage

O( ~enrs showing signifscanc improvement is much

.O=e! K’,OU S~d V ThlS m@l[ ~ ]-[ ~ ~ be due

:c me (3C7 duu rhese aurhors used a mtner uncommon



B.

c.

D.

E.—_

F.

G.

A. INGREDIENT NAME;

BETAHISTINE DIHYDROCH LORIDE

Chemical Name:

N-Methyl-2<2-pyridyl)ethylamine dihydrochloride

CommonName:

Ger., Egypt, Greece, Net~ Switq U. K. Serc. *See file for various names in different
countries.

Chemical grade or description of the strength, quality, and purity of
the ingredient:

Quality ASStlyTot. base (%): 98.965

Information about how the ingredient is supplied:

White to off white crystals, is odorless, crystals obtain from alcohol

Information about recognition of the substance in foreign
pharmacopoeias:

Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Seipel, J. H. and Meyer, J. S. Dementia. JClin.JZPharm. 1975; 15: 144& 1974; 14:280.

Tighilet, B., Leonard, J. and Lacour, M. Betahistine dihydrochloride treatment facilitates
vestibuiar compensation in the cat. Journal of Vestibular Research, 1995; 5(l): 53-66.

Oostervald, W. J. Betahistine dihydrochlonde in the treatment of vertigo of peripheral
vestibular origin. A double-blind placebo-controlled study. Jourrud of Luryngology &
OtoIogy. 1984;98(l): 37-41.

-



Peterma.nq W. and Mulch G. Long-term therapy of Meniere’s disease. Comparison of
the effects of betahistine dihydrochloride and hydrochlorothiazide. Fortschritte ah
Medizin, 1982; 100(10):431-435.

FraysSe, B., Bebear, J. P., and Dubreiul, C. Betahistine dhydrochloride versus flunarizine.
A double-blind study on recurrent vertigo withorwithoutCOchlearsyndrometypicalof
Men.iere’s disease. Acts Oto-Luryngo/o~”ca, 1991:490 (Suppl): 1-10.

Pfakq C. R. and Aoyagi, M. Calcium-entry blocker in the treatment of vestibular
disorders. Acti Oto-byngologica, 1988; 460 (Suppl): 135-142.

Oosterveld, W. J. Efect of betahistine dihydrochloride on induced vestibular nystagmus: a
double blind study. Clinical Oiohryngology, 1987; 12(2): 131-135.

H. Information about dosage forms used:

Scored tablets

I. Information about strength:

4mg in Canada
-_ 8mg in U. K.

J. Information about route of administration:

Orally

K Stability data:

Melting point: 152° C to 154 C
Incompatibilities:

Acids
Acid Chlorides
Acid Anhydrides
Oxidizing Agents

L. Formulations:

M. Miscellaneous Information:

Page -2-
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QUALITY CONTROL REPORT

CHR41CALNAME. :BETAHISTINE DIHYDROCHLORIDE

MANUFACTURE LOT No. :A011261301

SPECIFICATION

PHYSICAL TEST

TEST STmW.:USp_/NF_/~R~_/Bp_/cmm ‘mcso—

l)DESCRIPTION .:
< WHITE TO OFF WHITE CRYSTALS; IS ODORLESS, CRYSTALS OBTAIN FROM ALCOHOL.

K

2)SOLUBILITY.:
SOLUBLEIN WATER,IN ALCOHOL,AND IN CHLOROFORM.

3)MELTING POINT.:
MELTS AT ABOUT 148-149 degree.

.
4)SPECIFIC -mm.:

5)IDENTIFICATION .:
ABSOLUTION RESPONDS TO THE TEST FOR CHLORIDE.

FAILS .:PASSES. :

COMENTS .:

ANALYST SIGNA-.: DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :

—_

.<
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Use your web browser’s “Back” key to return to previous topic

MATERIAL SAFETY DATA SHEET

2-(2-(Metbylamino)ethyl) pyridine dihydroehloride 99%
32311

**** SECTION 1 . c~~cfi pR~DUCT ~ COMPANY fDENTIFICATION ****

MSDSName:2-(2-(Meth@nino)ethyl)p~tidinedihyiroehloride 99°A

company Identification: Acres Organics N.V.

___
For
For
For

___

One Reagent Lane
Fairlawn, NJ 07410

information in North America, call: 800-ACROS-01
emergencies in the US, call CHEMTREC: 800-424-9300
emergencies in the US, call CHEMTREC:800-424-9300

hheh sEcT1oN 2 - CoMPoslT1oN, INFORMATION ON INGREDIENTS ****

--------------+--------------------------------------+----------+------------+---
I CAS# I Chemical Name I % I EINECS#

l---------------- l-------------------------------------- (----;;---- 1-----------
5579-84-O 12- (2- (methylamino) ethyl)pyridine I 226-966-5

I I dihydrochloride 99% I I
+----------------+--------------------------------------+----------+-----------

**** sECTIoN 3 - ~zARDs ll)E~IFICATIoN ****

EMERGENCY OVERVIEW
Not available.
Appearance: faint yellow.
Not available.
Target Organs: None.

Potential Health Effects
The toxicological properties of this material have not been
investigated. Use appropriate procedures to prevent opportunities
for direct contact with the skin or eyes and to prevent inhalation.

**** sECTIoN 4 - FIRST AID ~lJREs ****

Eyes :

Flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid. Flush skin with plenty of soap and water for at
least 15 minutes while removing contaminated clothing and shoes.
Remove contaminated clothing and shoes.



MATERIAL SAFETY DATA SHEET Page 2 of 5

Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or water.
Get medical aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

● *** sECTIoN 5 _ FIRE FIGHTING MEASURES ****

General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
maY be generated by thermal decomposition or combustion.

Extinguishing Media:
Use agent most appropriate to extinguish fire.

Autoignitlon Temperature: Not available.

Flash Point: Not available.
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Clean up spills immediately, observing precautions in the Protective
Equipment section.

● *** SECTION 7 – HANDLING and STORAGE ****
——-

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Avoid contact with eyes, skin, and clothing. Avoid
ingestion and inhalation.

Storage:
Store in a cool, dry place. Keep container closed when not in use.

***+ SECTION 8 _ EXPOSURE CONTROLS, PERSONAL PROTECTION ****

Engineering Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control

Exposure
+--–-----––-–-–------+--------------------

I Chemical Name I ACGIH

l-------------------- l -------------------
I 2- (2- (methylamino) elnone listed
I thyl)pyridine I
I dihydrochlor I
I ide 993 I

airborne levels.

Litits
-–---–--–----––-–--+------------––-––+

NIOSH IOSHA - Final PELsI
------------------- l----------------- I
none listed \none listed

I

I
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
2- (2- (methylamino) ethyl)pyridine dihydrochloride 99~:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :
Wear chemical goggles.

Skin:
wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to minimize
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contact with skin.
Respirators :

A respiratory protection program that meets OSHA’S 29
CFR !1910. 134 and ANSI 288.2 requirements must be
followed whenever workplace conditions warrant a

Physical State:
Appearance :
Odor:
pH :
Vapor Pressure:
VapoK Density:
Evaporation Rate:
Viscositv:

respirator’s use.

SECTION 9 - PHYSICAL AND

Not available.
faint yellow
Not available.
Not available.
Not available.
Not available.
Not available.
Not available.

CHEMICAL PROPERTIES ****

t-
Boilinq ;oint: 0 76Q- Ho

Freezing/Meltinq Point: 152.00 154.rlo der-1c
Decomposition Temperature: Not available.
Volubility: Not available.
Specific Gravity/Density: Not available.
Molecular Formula: c8H12N2.2HC1
Molecular Weight: 209.12

–—-=_

***+ SECTION 10 . sT~ILITy ~ R~cTIvITy

Chemical Stability:
Stable under normal temperatures and pressures .

Con&ltions to Avoid:
s, strona ox~

Incompatibilities with Other Materials:
Not available.

Hazardous Decomposition Products:
Irritating and toxic fumes and gases.

Hazardous Polymerization: Not available.

**** SECTION 11 – ToxlcoLoGIf.~ INFo~Tj-oN

****

● ☛☛☛

RTECS# :
CAS# 5579-84-O unlisted.

LD50/Lc50:
Not available.

Carcinoqenicity:
2- (2-lmethyl-&nino)ethyl)pyridine dihydrochloride 99% -

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

**** SECTION 12 - ECOLOGICAL INFO~TION **+*

● *** SECTION 13 - DISpos~ Considerations ****

DISDOSe of in a manner consistent with federal, state, and local requiations.
RC~ D-Series Maximum Concentration of Contaminants: Not listed. -
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCP.A P-Series: Not listed.
RCP.A U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SEcT1oN 14 - T~spoRT lNFo~TIoN ***+

US DOT
No information available

IMO
Not regulated as a hazardous material.

IATA
Not regulated as a hazardous material.

RID/ADR
Not regulated as a hazardous material.

Canadian TDG
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MATERIAL SAFETY DATA SIIEET

No nformatlon available.

‘**+ SECTION 15 - REGULATORY INFORMATION ‘***

US FEDERAL
TSCA

CAS# 5579-84-O is not listed on the TSCA inventory.
It is for research and development use only.

Health L Safety Reporting List
None of the chemicals are on the Health & Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b
None of the chemicals are listed under TSCA Section 12b.

TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)

None of the chemicals in this material have an RQ.
section 302 (TPQ)

None of the chemicals in this product have a TPQ.
Section 313

No chemicals are reportable under Section 313.
Clean Air Act:

This material does not contain any hazardous air
This material does not contain any Class 1 Ozone
This material does not contain any Class 2 Ozone

Clean Water Act:
None of the chemicals in this product are listed
Substances under the CWA.
None of the chemicals in this product are listed
Pollutants under the CWA.
None of the chemicals in this product are listed
under the CWA.

OSHA:

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

CAS# 5579-84-O:
Canada

CAS# 5579-84-O is listed on Canada’s DSL/NDSL List.
WHMIS: Not available.
CAS# 5579-84-O is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

MSDS Creation Date: 2/28/1995 Revision #2 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoeveE arising, even if Fisher has been advised of
the possibility of such damages.

________________________________________________________________________________

Page40f5
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4 &Clz. Schlesinger er a/., ibid

~um borohydride, but less volat:Ie, Sp
Je. Sublimes at 91.3”. Dec above 1
Reacta vigorously svi/h water, HCI

m Bromide. BcBrl; mol wt 168.82.
Pmpn: Ehrlich in Handbook of Preps

IKwy, W. 1, G. Brauer, Ed. (Acader
hsd cd., 1963) p 891. Review of k

Advsvs Inorg. Chem. Rodiachem

ystals, d 3.465. mp 506-509 also
11, /ac cit. Sublimes at 473°. bp S2
Freely sol in water. By saturating t
with HBr, !he tetrahydrate is fonm

(t-dine (185.6 g/1), in ethyl bromide (]
[on compounds with amines, SICO~

n Carbide.
qc. di’vc%s.w:hl%’

9, 1I (19S2); Mallett er aL. ibid 10
~n Hand600k of %epomtwe Inorgoa

;. Bmuer, Ed. (Academic Press, NC
} p 899.

fow-red octahedra. d ] .90, dw ah
lee by water, somewhat faster by rrsisM
by alkalies with the evolution of med

4
ror core matersal; Schwartz, U.S. w
JSAEC).

d
Cbfoeide. BcC12: moi WI 79.92. j
Prepss from the elements: T~

22 (19S7); from BcO, CII and C: ~
Prspxmtise Inorganic Chemtitry, ML 1
i~..wwxs, New York, 2nd cd.. 1963
l:. Cochran er aL, Fed ti. fi
f jllium halides: Bell. Adrn
tern. .+ 255-332 (1972). 4
fellow, very deliquesc, orthorhomti
;. Reported mp ranges from 399.2’c
ercdtobethemostreliable(BeU).bI
zcuoat300’,d 1.90.Very SOIin wata

t; the aq soln is strongly acid, Sol ~
lne, CS1 Insol in berw.cne, tolm

4
~linic dcliquesc platelets. Has ~
HIO: Scmenenko, Turova, Russ 1
1965). LDW in guinea pigs, rats (ml

Cochran).
fllium. Anhydruus form used as d
,cuons, similar to A3C13,

;
Fluoride. BeFZ; mol wt 47.o1. ~
%epd by heating ammonium flu-

Lebea., Cor?rpt. Rend. 126, 141$
Handbook of Preparative [norg&
Brauer, Ed. (Academic Press, ~
231, Review of prcpn and pro-

Edl, ~dvam Inorg. Chews. Radiocti.
‘a

1211. Beryllium Hydride. BCHK mol Wt I I .03. fk
*1,72z, H 18.28% Lower purity material prepd by treattng
d,methylbewllium with LiAIH4 in ether: Barbaras et al. J,
Am Chem -%c 73, ?585 (195 1); higher purity by pyrolysis
of di./ert-butylbery lilUt7S: Coama. Glocking, J. Chem. Sac.
,954, 2S26; Head et al:, J. Am. Chem. Ser. 79, 3687 ( 19571

from tnphmyl phosphme and bcrylltum borohyr$ide Ban-
ford, Caat~ ~. c~em. Sac 1964, 5591,

White sohd. Htghcr purity matet+d is inert to laboratory
ssr. LOSSOf hydrogm at 190-?~ negligible. mpid at z2&.
Wact$ siowlY ~th watCr. raptdy with dil acids. Insol in
.,hfl. toktene, Isopentarre. Reacts wth diborane to form
&l]lum borohydridc.

1212.BwlliumHydroxide.*H % MOIWt4303.
9s20.95%, H 4.69% O 74.37%. BetOH\r Prepn: Ehrlich
n Handbask Of Pmpcrmnw Inoqantc Chemsmy. *oL 1. G.
]rauer, Ed. (A~d~ic pr==. New York. ~d ~., 1963) P
194.

Amorphous powder or crystids. d 1.92. Amphoteric.
/cry slightly sol m water and dil alkaJi. %1 in hot coned
qaoH soln and acids.

USE: Manuf Of bcryilium and beryllium oside.

1213. Beryllium bdide. M: mol W[ 161.81. *
.4w’0,1 %,57% Prepn: McsaerknechI, Bilrz. Z Anorg.
Ywns. 148, 152 (1925); Ehrlich in Handbook Qf Prepamrtw
norganic Chemisrry, rol. 1, G. Bmuer. Ed. (Academic
ba, Ncw York, 2nd cd.. 1%3) p 892. Review of beryl-
um halides: Bell. Adwmr. Jnorg. Chem Radiachem 14,
55-332 (1972).

Needles, mp 48tY. bp 48& Very hygrrrscopic. Sublimes
1 vacrso. Reacts violently with water. giwng off HI. Ab-
orba ansmoma. Dissolves in alcohols. aminei. wrth the
mnation of addition compals. Keep rightly closed

1214. BsxYUituttNitrate. BeN:O$; mol Wt 133.02. Be
.77% N 2 1.06% O 72. i7~o. Be(NO )Z. Prepn: Gmelirs’s
I@issm (8th cd.) 26, 102-104 (1930\.
Tribydrate. whttc to slightly ycflow. dekiqucsc xyst mass.

!P ‘w. VV SOIin water, alcohol. Keep well eked in a
aolplace. LDm i.p. in guinea pigs: 50 mglkg, Hand&mk of
‘omkrt/oKY TOL 1. W S. Spector. U. (Saunders, Philadel -
thu. 1956) pp 46-47.

USE: Stiffening mantles in gas and acetyiene hrnps.

1215. Beryllitusr Nitride. Be,Xy moi wt 55.05. Be
19.1l?L, N 50.89% Prepn: Ehrlich in Harrd6aak of Preprm-
ws Irrorganlc Cherrr&try, vol. 1, G. Brauer, Ed. (Acadcmtc
has, New York. 2nd rd., 1963) p 898: Lasgsdorf. Jr.. U.S.
m. 2,567,518 (195 I to IJSAEC),
whitecrystals to grayish white powdw mp 2200 ,4tY.

{oiat]lc at bp, on further heating it dissociates into Be and
{t o~ld,~ in ~lr at 600’. Dec SIOWIYby water, qwckly
p’acids a“d alkali= with the evolution of ammonia.

1216.BeryUjtsmOxide.Bcryllia, Be(l mol wc 2501,
k 36.03%, () 63.97%. Prepn: Gme/~rr’& Beryllium (8th cd. )
!6, 82-91 ( 1930); Ehrlich m Handbcirk af Prepammw /nor-
!wuc Chemisr~, TOI. I, G. Bmuer, Ed. (Academic press.
~ew York, 2nd ~., 1963) p 893. Revmw: Lillie. USAEC
3~L ti57, 23 pp (196 I ).

Llgfrt,~MOrphOUsposvd~r. rrrp 1531Y Very sparingly SOI

m water: SIowly SOI in coned acrds or sulns of fixed alkali
‘Ydroxldm, After ignition it is almost In-sol in th- sol-
‘mta Pure ( iOtXL) BeO tnsukatcs electncall y like a ceramic,
~utConducts heat like a metal. Elecrncal rea:stltity m obm-
m > IOW Dielectric co”st at 8.5 grg,acycles: 6.57.

W ?wfa””fof beryllium omde cerurrtcs. ~ass in nUCbr
‘rector f“.-is and ~o&raIo~: mtaiyst fOr Orgamc rcaCtlorls.

1217.~Vllium Perctslorate.BeCJZO,;molW~ 20791
~ ~33%.Cl 34.IOT’.,O 61.56% BC(CIO,JTPrepn: Gnre-
Ihn$, BeV(,Jum (gth cd. ) 26. 121 (1930)

Tetrahydrate, very hydroscopic crystals Holds 11S ~aref

of ~rySrn ~enaaoAY. sOiYm w- :48.6 g/l CS) ml

1218. Be~ljium Potassium Fluoride. Patawm /efm-
‘l”~roberv[latr. BeF, K,, mol WI 163 20 Be 5.52’7. F
~ 56=., K 37,91-.. K.&F, Prepn Gmel[n’s. Be@llum
‘glh Cd ) M, I;? ( 1930)- Rcv[ew oi prcpn and properua Of

beryllium halides: Bell, Adwsrr. lnorg. CJrem. Radiochem.
14, 25 S-332 (1972).

Hard masses. .S01in water, practically insol in ale.

1219. BerylliusssPotassium Sulfate. BcK O,SZ;mol wt
279.34. Bc 3.23’% K 27.99%, O 45.82%, S 22.~6% BcSOe. -
KsSO& Pmpn: Gme/in’& Beryllium (8th ed) 26, 174 ( 1930).

Dihydrate, brilliant crystals. Sol in water. coned KsS04
solns: practically insol in sic.

USE: In chromium- and silver-plating.

1220. BeryUiom Selenate. Be04SG mot wt 151.97. Be
5,93%, O 42. I l%. Se S1.96%. BeScO,. Pmpn: Gmelirr”s.
Beryflium (8th cd.) 26, 144 (1930).

Tetrahydmtc, orthorhombic crystals, d 2.03. Changes to
the dihydrate at 10t7 and becomes anhydr at 3fW. Freely
sol in watcc aq solns of beryllium aelenate are good solvents
for beryllium oxide.

1221. BerylliumSodhsttPfssOri&.&dium tetns//u0n7-

beryllate. BeF,Nar mol wt 130.99. Be 6.88?7.. F 58 02%
Na 35. 10% Na#eFv Prcpn: Gmelin’s Beryllium (8th cd. )
26, 169 ( 1930). Review of prcpn and properties of beryl-
lium halides: Befl, Adwr. Inorg. Chem. Radiachem, 14,

255-332 (1972).
Orthorhombic or monoclinic crystals. mp -350”. %1 in

water.

1222. Beryllium Sulfate. BeO,S: mol WI 105.08. Be
8.S8%, O 65.91-., S 30.52%. BeS04. Prepn: Gmelin’s.
BeryfIium (8th cd.) 26, 130-141 (1930). Toxlc~ty stud>
White er of. J PharrrracaL Exp. ~her. 102, 88 (195 l).

Tetrahydrate, crystals. d 1.71. At about 1~ loses
2H10. Very SOIin water. Practically insol in ale. LD~ I.Y
in mice: 0.5 mg Be/kg (White).

1223. BesipirtUtse. ,V.mPyl-.V~.pytidinyl- IH-indol - 1-

@mine; I-(pmpyl-4-pyrid ylamino)indole. Cl H ,, N,; mol wt
25133. C 76.46% H 6.82% N 16.72% $hoiinornimeuc
agent with nomdrcncrgic activity. Prcpn: R. C. Effland. J
T. KJein. Eur. pat. AppL 2S7,9S2 (1 988 to Hocchst); idem er
aL. US, pa!. 4.970~18 (1990 to Hoechst-Roussel): of hy-
drochloride: S. Kongsamut ●f af., U.S. pat. 5,356,910 ( 1994
to Hcrechst-Rousacl). HPLC determn in plasma: R. S. Hsu
et aL. J. Chramamg. 572, 352 (1991). Mechanism of acuon
snsdy: C. P. Smith et al.. Dmg Dev. Res 32, 13 ( 1994)
Pharmacokinetics: J. W. Hubbard et aL. J. C/in. Pharmacol.
3s, 688 (1995).

/-’h

dN“ /

Hydrochloride, Ci6H17N3.HCl. HP-749. Crystals frOm
methanol. mp 212-214.

Ma]~te. C14H17N3.C4H604, crystals from methanol/ether.
mp 115-ll&

m

,Welhyf-2-pytidinmrhanam ine; ?-
pyridine: [2.(2 -pymdyl)cthyl]met hyi.

amine. ~HIZNl; mol wt 136.20. C 70.557., H 8.880.. N
20.57%. Prepn: Ltiffler, Ber. 37, i 61 ( 1904); Walter er a/.. J
AM Chem. .SOC.63, 2771 (1941).

H

r

N\

I ‘;

CHj

Liquid, bpw 113-114” Soluble ,n water. alcohol. ether,
chloroform.

D,hvdrochlonde. C. H., N..2HCI. Besa.wrc, .%rc. ~’asomo-
1 raL CrystaJs from al:. tip i4t3- I 4’7

MaIa[e. CtH\:X:C4H<04, SU:utoion.

Consult the btime Inder bejore using thu semen. Page 197
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1010 v asoallators

but it was suggested [hat benziodarone should no! be
used in gouty Wtienls with thyroid irrcgularmes,- J. P.
Camus ec al., Revut Rhum. Afal. osrhontculalres,
1973.40, 148. per Th~rapte, 1974.29, 15.

Jarmdice. The Commntcc on Safety of Drugs had
recewed reporu Of I 1 cases of jaundice occurring in
x!ients being treated with benzmriaronc (Card i~ix).—

.y---+kyBetahls~H drochlorld PT 9A @
ethvl-2-(2-pyrldvl )ethy am[nc dih:droehloridc.

C$HI:N2,2HCI=209 1.

CAS — 5638-76-6 (be[ahisi:ne): 5579-84-0
(hydrochloride).

). A. Cabal ilctter), Br med. J,. 1964, 2, 882. Scrutiny A w hitc or creamy-white. dourlcss. hydroscopic,
of Individual case h[stories and clinical dam of the I I

h;?!%&!&% wa[er; solub[e in alcohol;
with a bitter taste. M.p. about

cases of Jaundice rcpmcd above did not confirm that
bcnziodarone was responsible. Two cases had features
which suggested there might be a connection and
mother ease proved LO be a carcusoma of (he h=d of
Lhe pancreas. As the specific cause was in doubt, Cardi-
vix could not be cleared and the manufacturers bad
withdrawn the drug from the markel peoding further
information.— J. Valenune ●r al.. Fiforss (letter). ibid.,
882.

Pracautioas. Benziodarone should be gwen only with
cxutiorr to pstienra with iodine sensi[ivi[y and IO patients
taking atvucoagulancs

lareretions. For ~hc cffecu O{ benzmckamnc on anti-
coagulants, scc Ethyl Biacoumacetate, p.771, Phen-
pmcoumon. p,774, and Warfarin Sodium, p.778.

Abaoa#oa ●ad Fate. Bcnziodaronc is absorbed from the

gastro-intestinal tract. [t has been reported tha! maxi-

mum concentrations m plasma occur abut 6 hours after

a d-. benziodamne is concentrated in the liver, Excre-
lion is mainly in the faec= and may be delayed by
reaksrpli on.

Usaa. Benziodarone is a vasodilator which has been used

in the prophylaxis of angtna pcctoris and after myoca:-
dial infarction,
Berrziodarone has also been given to diminish uricaemia
in gout.

Cariiae disorders. References to the use of fscrrz-
iodarone in ansina pworis: P. Da]iheu-Geoff roy and J.
Nata(. Presse mbd., 1961, 69. 91 I; P. Dawca # al.. Br.
med. J.. 1963, 1. 359: S. Blake and D. Kee[an. J fr!sh
med. Ass.. 1964, 54, 42.

Hypernm”cwni& [n 59 pmiersts with gout (without rssval
= ‘kxsli .ind with a blood-urea concentration not excced-

1 mg per ml) sarum-uric acid Concerrwatiorts were
iced. in all except one, to leas than 70 ug per ml

after weatmem with benziodarorrc 300 mg daily, though
the efrecta on blood corscerrwa~ions and clcarancc of

practically insoluble in chloroform and ether.
Store in airtight containers. Protect from light.

Ad$eme Effects. Nausea, headache. and
exacerbation of pcp(ic ulcer have been rcpor!ed.

Trtatnaerat of Adverse EfIects. In the case of
severe overdoaage the stomach should be emptied
by aspiration and Iavagc. If necessary the
circulation should be maintained by infusion of
suitable electrolyte solutions. The vasodilator
effccI of betahistitze is stated to be inhibited by
antihis[aminea.

Precautions. Betahistine hydrochloride should be
given with care to patiera~ with as[hma. peptic
ulcer or a history of peptic ulcer. It should not
be given to patients with phaeochromocytoma. It
has bar suggested [hat it should nol be given
concomitantly with antihistamines.

Absorption mvd Fate. Betahistinc hydrochloride is
readily absorbed from the gastro-lnmstinai tract.
It is converted to 2 m.etabolitcs arrd peak concen-
trations in blocd of the 2 metaboiims are
achieved wi~hin 3 to 5 hours. MOSI of a dose is
excreted in the urine. in the form of the met-
abolizes. in about 3 days.

USSS. Bctahistine hydrochloride is an -u&oJ
histamine and is claimed lo improy~...!he .J?JICJQ-
-a~–.-~t is used to reduce the frequency of
Z@Z&of dizziness in some pa[icnts with

Klstammc Itcatracttc.

Ecdmrcr. In a susdv in 18 eidedv oatienrs with &eubi.
[US Ulcers, 9 t ted”for about 3 rn&tths wnh bc!ahislinc

~ 511nifi~ntly
urea were variable. Side-effceu lneluded weakness ( I I bmu%+ww [hose treated w\th
patients), restless legs (2). dizziness ( I). and impotence
(2).— A. Ryckewaert et al., Thiropeutique. 1971. 47, the application of lord

371. per Abstr. Wld .bfed., 1971, 4S. 772. heat alone or combined wwh hydrotherapy.— M. R.

In 40 patients wi!h hypertension and normal renal func-
Sather et al.. Drug /rrItll. 6 ciin. Pharm., 1977. 1/,
167

[ion mean initial serum-uric acid concentrat~ons of 6.2 Pg “--”
Dcmctwi& Studies irslo the role O( bctahmnc in

per ml rose rapidly after commencing rreatment with

diuretics-usually thiazldes-reaching a mean of 8.9 ~&
*2, !:

rteriosclcrmis and dementia: J. H.
Fioam. J din Fhmmac., 1975, / t 44 J

per ml: the mnccntratton fell 10 normal tn all but 1
Btient within a week of belnR gwen ~nzmdarone 100 ‘i!’EL’] :?&%%%W14c. “.-
10 2CS3mg daily. the mean value af[er 4.5 months being /feadac&. Ninety-thres of 160 pauentx, most of whom
53 #g per ml. Most of I I patjents with impaired renal suffered from headache O( variedcause.were improved
funct~or! also received benefit.— G. Lagruc ●r a/.. after tra,tment with bzrabisonc hydrochfOrid~, ~ IQ
Presse mid.. 1971, 79. 849, per Absfr. W/d .Wed., 1971, 25 m dad
45, 7s0. =&d’G: U!0?22.aR :92%’i%%at%

Proprieraq N8rnes
with histamine headache, 105 oblal”erj ~ellcf after [rea[.
mcnt with betabistine hydr~hlonde. 2 to 25 mg daily. —

Ampliacor (/?8S Pharma, [rat.); Ampliwx (Laba:, Eclg.: B T. Horton, ibid,. 713.

Gzba:, Fr.; Sigmatau, [ra[.. tnba:, ,vefh ; tiba:. -Miniire’f distau. Reports and studies on betahls[!nc
.SwI(:./; Becumaron (Ried?l, Arg /; Coronal (Crinrxs

Dilaf”ran~mcd. A*X, 1966. !96 187, f) M. t-~n Wed,
hydrochloride in M6mcre”s dmease: J C. Elia, J, ,-$m

lIaI /; Dilacoron iSitrochrmica, /10[.).

/Luba=. Spaw Plcxocardio (Berrvegrra, //a/./; Uncor 1967, 74 (Apr ). 63; @. Bur%In, /bfd. 410ct.1. $1. J
(Raw::a, Ital.).

ti., ,97,.9,42 R.
ick.s r al. Archs Otolar 1967. 86, 610: Drus &

1.4rtqoscope,
S( buIs, 1971, 80, 889 [ j.
.tnon f’o~fgmd. nred Jr~Ta~~ $i’l~
and G V. Uenon. J LJr Orol. 1976. 90. 833: Drug &

9212-g ~her Bull, 1981. )9, 17 .7

BezazylFJicotirme.
C., I+, N01-213.2.
CAS— 94-444.

Benzvl ntcotlnatc is a [orxcal vasodila[or usca. In J can- O~her Pronriecarv Wames

‘iecvry Prepar3tiort.5

rider \fcthyl km[lnatc----

##kiicroser ;/,./) Pyrilylulon. Remark, Riptonin

~)la(el ~~11~afl): Sinmcntcr (-%MzuII:Suzotolw
Tenyl.D (Mh mcsylatel both Jap.): Vmomold (Ger,h
U rud (Jug /.

——

9214-p

Ihtphenhe Hydrochloride. Nylidrin Hydr~

chloride (US. P /; Nyiidrinium Chloride. l-(4.
tiydroxyphenyl) -2-( I -methyl- 3-phenyl-
propylamino)propms- I -oi hydrochloride.
C,9H3$N02,HCI =33S.9.

CAS — 447-41-6 (buphenirre): 849-55-8 (hydra
chloride/.

Pharmacopoeias In US

An odourless. white. crystalline powder. Solubfe 1
in 65 of water and 1 in 40 of olcohcxl: slight[Y
soluble in chloroform and ether. A l’%solution in
water has a pH of 4.5 to 65. Store in airtight
comainers.

Adverse Effects. Buphenine hydrochloride may
cause mtuws and vomiting. trembling, nervous-
ness, weakness, dizziness. and palpitations.

Treatment of ~dverse Effeets. In severe over-
doaage the stomach should be emptied by aspira.
tion and kavage. If necessary. the circulation
should bc m~lnl~ined with infusions of suitabie
electrolytes.

Preemptions. Buphenine hydrochloride is contra.
indicaud in p~[lents w i[h myxtrdini infarction,
hyperthyroidism. puroxvsmfil [achy cardia, or
scvcrc angina pectoris.

Absorption and Fate. Buphcninc hydrochloride is
readily absorbed irom the gmtro-inkwinai trac$
its effect begins in .tLxout 10 minutes. reaches a
maximum in ~bout 30 minutes. and lasts for
about 2 hours.
Investigations m IJagJ indicz[ed [h~t buphersine is
cxcrcmd in [he urlnc as the free base tnd IIS glucuro-
nidc, — H, Li and P Cervont, i pharm S<i.. 1976, 63,
1352.

Uses. Buphertine produces the effects of be\a-
adrcnoceptor stimulation. It is reported to
increase peripheral blood flow mzirtiy by direct
action on the ar~eries and arterioles of [he skelc-
tai muscks. It h~s little effect on the vessels of
the skin.
Buphenine has been used in [he [rc~tmcnt of
peripheral vascular disease.
It has also been used in the treatment of
M6ni&re’s disease And o~her disorders of the
internal ear,
The usual initial dose of buphcnine hydrochloride
is 6 mg by mouth thrice daliy, which may be
increased to 36 or 48 mg daily in divided doses,
if necessary, It h~s also been gtven by subcu-
tancotu or intramuscular injection.

De8JnrIt For the me of buphenlne hydrochloride in
perccpt,vc deainess, see T. J Wilmot and J. C, Sey-
mour, Lancer, 1960. /, 1098.

Demcmtia A study of buphcnlnc !n elderly patlcnls with
cognitive, cmoiional. md physical ,mpatrment. — S. E.
Golds[ein and F. Birnbom, J cl(n. P,ychiar 1979, 40,
520

Peripheral vascular disrase. On the b~s,s 0( s[d ics by

F.S fGliva et al (.-tin J mcd .W 1959, .?J9 174), S.
Zettcrqulst (ACrIZ med. stand., 1968, /8J, 487), and
H.L. Karpman am R Okun ( Gcr,arr,cs, 1972. 27, 101)
there M no mdicauon far the use of ‘ouphcnme In peri-
pheral vascular discuses. — J D Co ffma”, ,VW En~/. J,
Wed 1979, 300 713

Prtmarure !abmm Stud,cs oi h“pncntnc ,n (he prevcn-
lmn of prcmalure !atmur O C~strcn ?, dl 4cra ohrfef.
gyncc wand 1975. S4 Q5: K S Y,an. CO” ret-d ,4ss.
1, 1976, 1/4 700, R ~lchtcr. 4m J Ohy;cr Gwnec.,
lq?~. /27 482

Preparations
Nylidrin Hydrochkmde [np?crlon L ~- ,2 \ .Ie?l,e ,o[”-
,,,),1 oi buoncnlnc nka~xn(or.ce n W,[cr :ur In,c’twns
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and coma may ensue. Fatahtres rarely occur except when
other mugs. akxfrol or aggravafmg factors are mvfovec. Hypo-
tenslon and resplralo~ Oepressons are not found frewentfy
unless omer drugs have treeo associated.

Treatment There IS no specifrc armdote Gastrrc
Iavage oerformed earfy after mgestlon of the drug may be
beneficial Management conwscs of supportive measures and
JIose suoerwsion and moniformg Carclovascular and CM5
scrmulams maybe used If necessary. Affhough oxazepam has
a relatively long half-kite, the use of dialyws IS of cfuest!on-
able vafw.

Dosage The dosage must be mdividuallzed and carefully
titrated in order to avoid excessive sedafron or mental and
motor impmrrl.

As with other arsxro~c sedativws,short coursesof Ireaf-
menl should usualiybe the ruie for the symptomatic refief of
dlsabimg anxiety m ps@aseufofJc patients and the initkd
course of treatment should not 1ss5longer than 1 week withoul
reassessment of the need for a limited extensiom Initially, not
more than 1 week’s supply of the drug should be provided
and automatic prescrrptron renewals shoufd not be allowed.
Subsequent orescriofions, wfwrs required, shoufd be Ilm!ted to
shofi rnurs~ of theracsv

The aduft dosage is”~ to 120 mg daily, m dwidecf doses,
according to swe~ of symptom, and patient response. lni-
fiale treatmenf by lower dose and increasegradually.
Elderly and debilitated paVents. The recommended dosage IS
5 mg once or twsce daily, as tolerated Inifrate treatment
alwaysby the towesfdose andincreasegraduafiy as needed
and tolerated.

Supplied:10 mo: EachfigM yeffow, scored Titradose tablet,
imprinted SERAX and 10, contarrss’ oxatepam 10 rn$ Non me-
dlcmai nsgredwrrts MC Velfow No. 10 Alummum Lake, FD6C
Yellow No. 6 Alummum Lake, faccose, magnesium stearale.
mlcrocrystaihne ceflulose and polacrilin potassium Energy:
2.97 U (0.71 kcal), Giuten- and tartmzme-free. Bottles
of lMt and 500

15 mo: Each yellow, scored Tmradose tablet, imprinted SERAX
and 15, confams” omzepam 15 mg. Nonmethcmal ingredients
D&C Yellow No. 10 Alummum Lake, FD&C Yelksw No 6 Alu-
mmum Lake lactose, maonesum stearate, micmcrystalhne
cellulose and oolacrilor potassum. Energy: 2.85 id (O 66 kcal).

__T Giuten- and tarlrazine-free Bottles of 100 and MC.
——

0 mg: Each peach. scored Titradoae tablet, Imprinted SERAX
md 30, mntams: oxazepam 30 W. Nonmedlcinai ingred!ems.
FD6C Yellow No, 6 Aiuminum Lake, lactose, magnesium stea-
rate, microcrystalline cellulose and ~lacrilin potassium.
Energy. 2.64 kJ (0.63 kcal). Gluten. and tartrazine-free Bottles
of liM and 50(.

(Shown m product Recognthon Section)
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Antivertigo

PharmacologyPathologically, the attacks of vertigo associ-
ated with Memere’s disease are associated with an accumula-
tion of fluld in the membranous Iabynnth of the inner ear
(endolymphatlc hydroos), and an increase in endolymoh pres.
sure It IS less helpful against the progresswe decrease m
heamrg acurfy Information on absorption, melabohsm and
excretion of betah!stme IS not avadable Animal reproductwe
sludles have not shown any adverse effects

Indications: May be of value in reducing the epmdes of ver.
bgo m Memere’s dtsease No clalm IS made for the effecWe-
ness of betahls!me In the symptomatic lreatment of any form
of verlgo other than that associated with Menit!re’s d!sease.

Contraindications: Nol !0 be administered 10 pat!ents w{th
actwe peptic ulcer or a hm;ory of this condition: pheochromo.
cyioma.
Children’ Not recommended for use m ch!ldren

Precautions: Caution should be exerc!sed if betahlstme IS
admmrstered to pa!lenls w!th bronchial asthma Betahmtme
snould not Oe used concurrently wth antlhlstammlc agents
Pregnancy and Lactaf)ofl Safe use of betahlstme during preg-

ancy or Iactallon, or m women of chlldbearrng age has not
fet been est251mhed

uoset, nausea and heaoacne. .-

+ik#A-%Dosage:Usual aduff dosage has been 4 to B
;sh~d~;eg as neeoed 10

Q cllUt@Q2~ r day @-
Imum recommended dallyOosageE 32m9

Supplied: Each round. wm~cored on one side and
engraved w!th “ummed on the Oth=tams belafustme
HCI 4 m Nonmed!cma! mgredlents com arc FD&C ed

+se,magneswmsleara[ eandpu~~ed ~dica.Glu~n-
and farlrazrne.fme Bomes of Ioo

(Shownm Producl Recogrvtion Secfron)

SERENTIL” E
Novartk
Mesoridazine Besylate

Antipsychti”c

PharmacologyPharmacological studws m Iaboratow ammals
have established that mesondazine has a spectrum of pharma-
cologrcdi activity comparable to thiorfdazme, except that its
effects, ofher than catalecmc VvfrIch is weaker, are more pro-
nounced.

Foifowmg oral admirnstrafion, mesoridazirre is wefl absorbed
wrth peak blood Iwels occumng at 4 houm.

Approximately 30 to 40% of a dose is recovered m the
urine and 25 to 3096 IS recovered m the teces, even after
i, m. admnwstration.

Indications: The treatment of both the acute and chronic
states of schizophrenia: organic brain syndrome and mental
retardation associated with psychotic symptoms or where Psy-
chomotor disturbances are predommant; treatment of some
patients with symptoms of alcohol withdrawal

Contraindications: Severe CNS depression, comalose states
blood dyscrasias bone marrow depression, liver damage.
hypersensitwlty to mesondazme, cross senwbvrly to other
phenothiazmes may occur Hypertension or hypolenswe hearl
dmease of exzreme degree

Precauflons: occupational Hazards Where paltents are parlic-
Ipatmg m acfrvitres reaumng complete mental alertness
(e g. driwng) it IS advisable to admmister the phenothmre
callously and to increase me dosage gradually

Attention should be patd to the fact that phenothmzmes
are capabie of potermatmg CNS depressants (e.g anesthetics.
analgesics, hypnotics, antlhf.tammes, opiates, alcohol, etc.)
as wefl as atropme anrl phosphorus msectlcides They may
also potentate quuudme”s mhlbltow effect on cardiac contrac.
tlllcy

Since ocular olgmenlav changes have been reporlecf wth
]henothrizrnes of the oloendme class the Dosshilitv of thw
Nde effecl cannel be excluded

Prolongation of the OT Interval, flattening and mvers{on of
(he T wave and appearance of a wave tentatwely Idenbfled as
a Mid T or a U wave have been observed m some pauents
recewmg phenothmzme tranqudlzers, mcludmg mesondazme
These changes appear to be reversible and related 10 a dwr
lance in repolanzatlon. Mesoridmne should be gwen with
:aubon to paflents w!th hearf disease

Leukopema, granulocyIopema and/or agranulocytos!s have
oeen reported following phenothlazine therapy The possibility
9! lhe occurrence 01 blood dyscrasla cannot, therefore be
ruled out, Therefore, patlenls should be observed for any signs
or symp[oms of blood ayscrasra II IS also adwsable 10 perform
regular blood counts, oarlcularly during the hrst 2 or
3 months of therapy and on the appearance 01 SUSPICIOUS
clmcal smans

I

I

Hypotei%on, whfch IS fymcally orthostatlc, may occur e5Pe-
clafly m the elderfy and m alcohohc pauents with e!ther dosage
form Assumption of the head down supine posiflon will oral!.
nardy bring the blood pressure back to normal On rare occa-
sions, and more so after parenteral admmstratlor~ of the drug,
prolonged and severe hyootension may occur, requiring the
use ot vasopressors 1,Ie admrmstratlon 01 epmephrme should
be avo}ded m the treatment of phenothmmre reduced hypoterv
slon In wew of the fat: Ihat phenothiazmes may reduce a
reverse epmephrme effeci and aggravate the hyoo!enslon
Pregnancy and Lac/at/on Sate use 01 mesondazme m human
Dregnancy has no! been eslablrshed Therefore II Ghould nOt
Lre admmmtered to women of childbearing polentlai. oart!cu-
Iarfy during the f(rsl !nmester of oregnancy. unless tne
expected benefit to the Dauent outweighs the oofential risk to
the fetus Mesondazme mas appear m numan Dress! mdk

CODyf!gh!t? “9% bnad,a. PhW?MCKKAssoctal(or AII I!gnls feservec

I

I

I

I

(

I
I
I

prevalent adverse effects enmumered. %daboft hyf)ofensmrr
and other autonomrc effects tend to occur mom frequently
early m t3e treatment or wtsen initial hqh doses are used.

When these reactions occur they can Usualfy be COfrtroikd
by a reduction m dosage. in mild cases of hyootension, the
head down posmon may oe adequate In severe cases of
hypotenston, a presser agem such as Ievarterenol bdartrate
may be used. Epmephnne snould not be admimsfered, since
it may resuft m a further f~l of blood pressure.

The Iollowmgadverse reactions have been reported wrfh
phenothlazme denvafives and mdy occur with mesoridazme:
Behavioral reacbons: Oversedabon; Impawed psychomotor
funcOon; paradoskal effects. such as agitation, excitement,
insomnia, buarre dreams, aggmfacm of psyrfsofic sym~
toms: and toxic confusional states.
CNS: exfrapyramidal reacbons, incfudng Parkinsorrism (wftfr
motor retardation, rigidii, masfdike facies, tremor, salivation,
etc.); dystonic reactions (Including facial orfrtaacing, tics, torfi-
coihs, oculogy?ic crises, etc.): and akafhisra. Persstent d@d-
nesias reststant to treatment have also been reported. In
addtin, slowing of EEG, drsturbed body temperature, and
Iowermg of the ccmvufsive threshold have occurred.

Tardive dyskineaia may appear m some patients on long-
term armpsychotic therapy or may appearafterdwstfsmw
has been discontinued. The nsk appears -to -be grealer m
elderfy patients on highdose flrerapy, espedally femafes. The
symptoms are perWstent and m some patrents appear to be
irreversible. The syndrome K characterized by rhythmical
mwluntary movements of the tongue, face, mouth or jaw
(e.g. protrwon of longue, puffing of cheeks, puckering of
mouth, chewing movemem) Sorswtimes these may be
accompanied by involuntary rrwvements of exmemhies.

There is no fmown efftive treatment for tardMe dyskmesra;
anfrparkmsonian agents usuafiy do not alleviate the symptoms
of fhIs syndrome. All antipsychofic agents should be discon-
tinued if these symptoms appear. Should it be necessary to
reinstitute treatment, or increase the dosage of the agent, or
switch to a different anfipsychotic agent, the syndrome may
be masked. The physician may be able to reduce the risk of
this syndrome by mimmizmg the unnecessaw use of neurolep
tics and reducing ffse dose or discontinuing the drug, if Pos.
stble, wften manifestations of tfns syndrome are recognized,
particularly m patients over the age of 50. Fine vermicular
movements of the tongue may be an early sqn of the syn-
drome. ff the medication is stopped a! that time, the syndrome
may not deveiom
Autonomic nervous system: dry mouth, laintmg, stuffy nose,
photophobia, blurred vw.ion, mtosis.
Gastrointestinal. anorexia, increased appefiie, gastric ma.
tlon, nausea, vomfino, mnstmation, paralytic iieus.
Endocnne system: aftered Iibldo, menstrual ikreguiaritres, Iac.
tatlon, false posmve pregnancy tests, inhibition of ejaculation
gynecomastla, wetght gain.
Skm Itching, rash, hypertroohtc papillae of the tongue, anglo-
neurofic edema, erythema, exfollatwe dermathm, contact der-
mafrfis
Cardiovascular effects hyuotension, tachycardla, ECG
:hanges (see Precaufrons)
Nood dyscraslas’ agranulocylosK, leukopema, granulocyfo
]enia, eosmophilia, thromoocytopema, anemia, aplasbc
memla, oancytopenia.
Werglc reactions: fever, laryngeal edema, angloneurotlc
!dema, asthma
iepalotox!cify jaundice, billa~ siasts.
Jnnary disturbances: retention mcontmence
\bnormal plgmentabon. more recently, a pecuhar skin-eye
;yndrome has been recogmzed as an adverse effect follov!nnq
ong4erm treatment with phenothiazmes This reaction is
narked by orogresswe pigmentation of areas of skin or con.
uncfiva and/or dw.coloration of the exposed sclera and cornea
)PaCifleS of the antenor lens and cornea described as irregular
M Stellate m shapf have also been reponed. Although rehnal
Ilgmentatlon has not been observed with mesorfdazrne.
]atlents recewmg higher doses of mesoridazine for prolonged
)enods should have perrodic compiete eye examinations
MCelhneOUS” Unexpected and sudden deaths have been
‘eported m hospitalized psychotic patients receiving phenothi.
azrnes. h some unexpected deaths, myocardlal Ieslons have
leen observed. Previous brarn damage or seizures may also
Oe predisposing factors: high doses should be avotded m
Known seizure Patients Several pattenls have shown sudden
exacerbations of osvchot!c behawor Dattems shortly before
death Autopsy fmdlngs have also revealed acute fulrnmatm9
pneumoma or oneumonms and asolrahon Of oastnc ccmterns

The physlclan’ should therefore be alerted ‘IO the possible
devetopmem of “silent pneumomas”.
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Authors

Tighilet B. Leonard J. Lacour M.
Title

Betahistine dihydrochloride treatment facilitates
vestibular compensation in the cat.

Source
Journal of Vestibular Research. 5(1) :53-66, 1995 Jan-Feb.

Abstract
Unilateral lesion of the vestibular system induces
posturo-locomotor deficits that are compensated for with
time. Drug therapy is currently used to improve the

recovery process and to facilitate vestibular compensation.
Betahistine dihydrochloride is an histamine-like substance
that has been employed in vestibular pathology; it was
found effective in many forms of vertigo and in
vestibular-related syndromes. Investigations performed in

animal models have shown betahistine-induced neuronal
modulations in the vestibular nuclei complex and
interactions with the HI and H3 histamine receptors.
Potentially, this substance is therefore capable to
interfere with some recovery mechanisms and to improve the
behavioral adaptations. But there is at present a total

lack of data concerning the influence of betahistine
treatment on vestibular compensation in animal models. The
aim of this study was to understand the pharmacological
activity of betahistine in the restoration of posture and
locomotor balance functions in unilateral vestibular
neurectomized cats. posture recovery was assessed by
quantifying the surface reaction of the cat’s support as
measured while standing erect on its four legs, at rest.
Locomotor balance recovery was determined using the
rotating beam test, by measuring the maximal performance
(max. P.) of the cat and its locomotion speed regulation
during the postoperative time period. We have compared the
recovery profile and time course of these static (posture)
and dynamic (equilibrium) functions in three groups of
cats . Two experimental groups were treated at daily doses
of 50 mg/kg and 100 mg/kg, respectively. Betahistine
dihydrochloride was given orally until complete recovery of
posturolocomotor functions. One untreated control group
served as the reference. Results showed that postoperative
treatment strongly accelerated the recovery process in both

———
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_— treated groups, inducing a time benefit of around 2 weeks
as compared to the controls. Maximum performance of the
cats on the rotating beam as well as locomotion speed
regulation were highly correlated to the postoperative
development of the cat’s support surface, indicating that
compensation of the static vestibulospinal deficits
conditioned the subsequent locomotor balance recovery.
These behavioral data showed that betahistine
dihydrochloride constitutes a useful drug therapy for the
symptomatic treatment of central vestibular disorders in
our animal model of unilateral vestibular lesion.
Improvement of vestibular compensation under betahistine
postoperative treatment, as evidenced here for the posture
and locomotor balance functions, is discussed both in terms
of aspecific effect (histamine-induced increase of the
level of vigilance) or mo~e direct action in the vestibular
nuclei (histamine-induced rebalance of neuronal activity on
both sides).
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Oosterveld WJ.

Title
Betahistine dihydrochloride in the treatment
peripheral vestibular origin. A double-blind
placebo-controlled study.

Source

of vertigo of

Journal of Laryngology & Otology. 98(1):37-41, 1984 Jan.
Abstract
A double-blind, cross-over, placebo-controlled study of
betahistine dihydrochloride (12 mg, t.i.d.) was carried out
in patients with vertigo of peripheral vestibular origin.
Twenty-four patients completed the study, which consisted
of two six-week treatment periods. The patients were
diagnosed as suffering from Meniere’s disease (15
patients) , vertigo due to other (specified) causes (five
patients) , or vertigo of unknown origin (four patients) .
Patients were examined by the investigator at the start of
the study and were re-assessed at three-weekly intervals.
In addition, they recorded the nature, frequency and
severity of their symptoms on diary cards. Both the
incidence and severity of dizziness (the predominant
presenting complaint) were found to be significantly
reduced during betahistine treatment (p = 0.004) . The
occurrence of nausea and vomiting was also significantly
reduced during betahistine treatment (p = 0.014 and 0.036
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respectively) . There were no statistically significant
differences in the results of audiometric or
vestibulometric tests, or in the severity of tinnitus or
deafness, between the two treatment periods. The overall
comparisons of the two periods made by both the patients
and the investigator were significantly in favour of
betahistine (p less than 0.001). All diagnostic groups
responded favorably to betahistine, confirming the
efficacy of betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwanted signs or
symptoms were reported.
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[Long-term therapy of Meniere’s disease. Comparison of the
effects of betahistine dihydrochloride and
hydrochlorothiazide] . [German]

Source
Fortschritte der Medizin. 100(10):431-5, 1982 Mar 11.

Abstract
During the last few years betahistine-dihydrochloride has
been used extensively in the conservative treatment of M.
Meniere. The question has arisen as to whether
betahistine-dihydrochloride is more effective than
diuretics. The effect of betahistine-dihydrochloride was
compared to that of hydrochlorothiazide on 32 M.
Meniere-patients. The patients were initially kept under
observation for 3 months without medication apart from
symptomatic anti-vertigo agents. The patients were then
assigned to 2 groups each of 16 subjects and received
either 3 X 8 mg betahistine-dihydrochloride or 3 X 25 mg
hydrochlorothiazide for 6 months under double-blind
conditions. Before and during treatment subjective symptoms
such as vertigo, attacks of dizziness, tinnitus, sensation
of blockage in the ear and general well-being were assessed
at 4-weekly intervals. Apart from this the objective
symptoms as measured by pure tone audiograms, Frenzel-test
and electronystagmography were recorded. At the moment
betahistine-dihydrochloride seems to be the drug of choice
for Meniere-patients with a fluctuating auditory threshold.
During the 6 months treatment period an impressive
reduction in the frequency, severity and duration of the
attacks of vertigo as well as an improvement in the general
condition was found in all patients. In contrast the
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diuretic hydrochlorothiazide seemed to show a distinct
therapeutic effect on vertigo and general well-being
principally during the first few months of treatment in
patients with a constant auditory threshold.
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Authors
Fraysse B. Bebear JP. Dubreuil C. Berges C. Dauman R.

Title
Betahistine dihydrochloride versus flunarizine. A
double-blind study on recurrent vertigo with or without
cochlear syndrome typical of Meniere’s disease.

Source
Acts Oto-Laryngologica - Supplement. 490:1-10, 1991.

Abstract
This study was designed to compare the efficacy and safety
of betahistine dihydrochloride and flunarizine. All
patients included in this multicenter, double-blind,
randomized trial showed a specific pattern of vertigo, i.e.
recurrent paroxysmal vertigo with or without the cochlear
symptoms typical of Meniere’s disease. Fifty-five patients
were treated for 2 months (28 in the betahistine group and
27 in the flunarizine group) . Analysis of lntra-group

symptom changes demonstrated a greater efficacy for
betahistine. Statistically significant decreases in
duration and severity of attacks, and in the presence of
vegetative symptoms were seen in the betahistine group
after the first and second months of treatment, whereas in
the flunarizine group this was the case only at the end of
the first month of treatment. Furthermore in the
betahistine group, statistically significant decreases
occurred for the other major criteria, including number of
attacks, evidence of vestibular dysfunction, and presence
of cochlear symptoms. Adverse effects were similar to those
reported in previous studies of both products: stomach
pains only with betahistine, and drowsiness, asthenia, and
depression with flunarizine.
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Clinical Otolaryngology. 14(6):485-7, 1989 Dec.

Abstract
The effect of betahistine compared with cinnarizine on
induced vestibular nystagmus was evaluated using a rotating
chair, in 6 healthy volunteers. The subjects underwent a
slow acceleration followed by a sudden stop.
Electronystagmograph tracings were taken initially as
pretreatment control values, and after betahistine 8 mg
t.i.d. and cinnarizine 15 mg t.i.d. had been taken. The
duration of nystagmus and average eye speed were measured.
No difference was recorded in either parameter between the
pretreatment rotation and that following betahistine (P
greater than 0.05). A significant difference (P less than
0.05) was seen in the duration of nystagmus during initial
acceleration, and in average eye speed following the sudden
stop after treatment with cinnarizine.
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Title
Calcium-entry blockers in the treatment of vestibular
disorders.

Source
Acts Oto-Laryngologica - Supplement. 460:135-42, 1988.

Abstract
Based upon the results of a double-blind study carried out
in a series of 120 patients suffering from vertigo and
objective vestibular symptoms, we made the following
observations during the treatment of vestibular disorders
by means of calcium-entry blockers: Subjective symptoms
regress fairly well during treatment, but no better than
after betahistine-dihydrochloride (BHC) or thietylperazine
therapy (TP) . Objective assessment of the therapeutic
action of calcium antagonists on vestibular dysfunction is
based on the results of the Harmonic Acceleration test,
which was carried out by using a computerized rotatory
chair. The most reliable parameter with respect to the
objective assessment of the experimentally induced
vestibular responses (VOR) is the gain. Our test results
show a progressive decrease in GAIN, indicating a
depressive or inhibitory effect of the calcium antagonist
flunarizine upon the VOR. If we compare these results with
those obtained in the betahistidine- and thiethylperazine

_
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the latter two groups. A statistical analysis demonstrates
a significant difference between the F-gain on the one
hand, and the BHC gain and TP gain on the other hand.
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J- Effect of betahistine dihydrochloride on induced vestibular
nystagmus : a double blind study.

Source

I Clinical Otolaryngology. 12(2):131-5, 1987 Apr.
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The effect of betahistine on vestibular nystagmus induced
by means of a torsion swing was tested in 10 subjects. Each
individual received, in a randomized double-blind study, 3
different single oral dosages of betahistine (8, 16 and 32
mg) on 3 different occasions. Electronystagmographic
tracings were taken at different time-intervals after drug
intake. At 3-4 hours after a dose of 8 mg betahistine the
nystagmus duration was reduced by 35%, after 16 mg
betahistine by 48% and after 32 mg betahistine by 59% (mean
values) . All these differences in dose-response are highly
significant (P less than 0.0005) . It can be concluded from
these results, that a dose of 3 X 8 mg or 3 X 16 mg
betahistine daily will be efficacious in maintenance
treatment of vertigo, and a dose of 3 X 24 mg betahistine
daily will have even more effect.
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A double-blind crossover study comparing betahistine and
cinnarizine in the treatment of recurrent vertigo in
patients in general practice.
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Current Medical Research & Opinion. 10(4) :209-14, 1986.

Abstract
A double-blind crossover study was carried out in general
practice in 88 patients with peripheral vertigo of unknown
origin to compare the efficacy and tolerance of 12 mg
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betahistine dihydrochloride and 15 mg cinnarizine. Patients
were allocated at random to receive 2 tablets 3-times daily
of one or other drug for 3 consecutive months before being
crossed over to the alternative medication for a further 3
months . Severity of symptoms was assessed at 4-week
intervals using the Clinical Global Impression scale and
patients kept a record in a daily diary of the frequency
and duration of attacks. Details were also recorded of any
side-effects reported. The results were analyzed for 46
patients who completed the 6-month study period. Both drugs
were shown to be equally effective in reducing the duration
and severity of symptoms. Significantly fewer attacks of
vertigo, however, occurred during betahistine therapy.
Side-effects were the most common reason for dropping out
whilst on cinnarizine (9 patients) and were complained of
by 38 patients during the study (16 only when on
betahistine, 19 only on cinnarizine, 3 whilst on both
drugs) . The most frequently reported were drowsiness or
lethargy affecting 16 patients on cinnarizine and 7 on
betahistine.

. .
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Effectof betahistine dihydroehlonde orI indoeed vestibular nystagmux a double MM
study

The effect of betahisline on vestibular nystagmus induced by means of a torsion
swing was tested in 10 subjects. Each individual received, in a randomized double-
blind study, 3 different single oral dosages of betahistine (8, 16 and 32 mg) on 3
different occasions. Electronystagmographic tracings were taken at different time-
intervals after drug intake. At 3-4 hours after a dose of 8 mg betahistine the
nyslagrnus duration was reduced by 35°/0, after 16 mg betahistine by 480/o and after
32 mg betahistine by S9?4. (mean values). All these differences in dose-response are
highly significant (P< 0.0005). It ears be concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efiicaeious in maintenance treatment of
vertigo, and a dow of 3 x 24 mg betahistine daily will have even more eflect.

Keywords be[ahistine vertigo trealmenr vestibular function

in several double blind placebo controlled
~linica] s[udiesl -5 betahistine has ~n

proved to be efkctive in the treatment of
patien[s suffering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
betahistine daily. Clinical observations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daily might be even more
effective in the treatment of these patients.
The aim of the present study was to find
objeetive support for this impression.

‘-xTethods

-.C)LUNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

● Trade marks: SC&, ~tWr&, Vasomotalo,

volunteered to participate in the study.

They all had a history free from neuro-
logical and cochleovestibular pathology.
All of them received 3 different single oral
doses of betahistine on 3 different
occasions with an inter-test interval of 1
week, The sequenee of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IBCLAR NY ST AGhf US

Vestibular nys~agmus was induced by
means of a torsion swing, the oscillations
provoking alternating angular accelera-
tions in the swing and in the subject sitting
on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagmus in
the horizontal plane. This nystagmus can

. . .
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be recorded electronystagmographically.
Each time the torsion swing test is repeated
in a subject, the provoked nystagmus will
be the same, iftheinitial amplitude of the
swing movement is kept constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The most relevant ENG para-
meters are the duration of nystagmus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
study.

During the study, the oscillation time of
the swing was 16 seconds; (his time
remained constant at each test point and
the average duration of nystagmus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as 100°A in each individual subject.

The duration of nys[agmus, following
drug administration. was calculated as a
percentage of the pre-treatment duration.
The duration of nystagmus was measured

before administration of the drug and at +,
1, 2, 3.4, 6 and 8 h after. This method has

also been used in previous experiments
with o!her drugs. b- 8

STATISTICS

The following statistical tests were used:
Wilcoxon matched-pair signed-rank test.
and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being sta~istically significant,

Results

Ten volunteers received a single oral dose
of be(ahistine (8, 16 or 32 mg) in a
randomized and double-blind fashion. on 3
different occasions with an inter-test inter-
val of I week. The absolu[e values of the
duration of nys(agmus at the onset of each
investigation are listed in Table 1.

1[ is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7% for all
subjects. Table 1 revealed no significant
differences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced by
the 3 different dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This
shows that betahistine significantly reduces
the duration of nystagmus when given in
doses of 8 mg, 16 mg and 32 mg
(P< 0.0005) and that the higher the dose
the more marked is the reduction in the
duration of the nystagmus (again
P < 0.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the

duration of nystagmus at the 3 different
doses were listed and also the time (t~,,)
after administration of the drug at which
these lowest values occurred. By sub-
tracting the lowest value from the baseline
value ( = 100°/0) the maximal reduction of
the nystagmus duration, induced by the 3
different doses in the IO subjects, could be
determined (see Table 2).

The results showed that 16mg
betahistine was more etTective (P< 0.0005)
in reducing the nystagmus duration (mean
reduction 48°/0) than 8 mg betahistine
(mean reduction 350/0). Further, 32 mg
betahistine was more et%ctive (P< 0.0005)
(mean reduction 590A) than 16mg
betahistine.

The time-intenal between drug intake
and the maximal effect (t~z,) was
significantly shorter (P < 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg betahistine. The t=, between the
dosage of 16 and 32 mg betahistine
(Table 2) was not significantly different.

The reduction of the duration of
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Table 1. NysIagrnus durahon on Iorston swing test before betahis[ine (blank values)

Tes[ suhjecl
1
?

i

4

5

6
7

8
9

10

Mean

S.d

SW

Dura[ion o~ ntmagmas f J )

8 mg 16 mg 32 mg

9.51 9.59 9.61

9.4s 9.47 9.43

10. [1 9.98 10.21
9.63 9.61 9.57
9.67 9.62 9.63
9.58 9.63 9.56

10.05 9.95 1803
9.38 943 9.39
9.84 9.81 9.78

10.39 10.37 10.41

9.76 9.75 9.76
0..+4 029 0.33
0.11 009 010

Mean SEM
9.57 003
9.45 0.01

10.10 0.07
9.60 0.02
9.64 0.02
9.s9 0,02

10.0[ 0.03
9.40 0.02
9.81 0.02

10.39 0.01

— —
— —
—
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Figure 1. Reduciion of nystagmus duration caused by ? dilTeren! single oral dosages of betahistine with respect to
t]me in 10 volunteers (mean values t s.d. ) n = 10. ● = f< 0.05. ●* = P< 00005. ●–—0 = 8 mg:O ----C =
16mg. A—A = l~mg

Table 2. The max.tmal reduction of the duration of nystagmus and the ume th]s maximal efkct

occurred afier drug m[ake

1
8 mg hetahi.vme 16 mg Iwluh).stino 32 rng Iwdrisline

[#u, rcducfmn -x1 rcdur[ion ~=r reductmr

su/1/e(’l (h ( 0. , [h, ,9. / (h, ( 0,0f
1 3 M 4 47 4 55

2 4 4[ 4 53 4 57

3 j 41 1-l 46 4 61

4 3 31 4 44 4 63

~ ] 33 4 yJ -? 62

(1 j 34 4 45 4 59
7 3 ~g 4 5(J 4 58

8 3 >7 4 51 4 62

— 9 3 34 4 46 4 58

10 34 31 4 48 3 56

Mean 3.2 35* 4 (M 48 j.~t 59 “

sd 0.3 3.x o~ 29 0.4 2.8

SEM 0.1 i .2 005 0.9 0.1 09

I

● W’ilcoxon P <0 IX)05. compared wi!h reducrng properties of 16 mg be~ahlstine
t Wilcoxon P < 0.~5. compared with [W, after 8 mg betahistine
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Figure 2. A log dose-response (LDR) curve. The
horizontal axis shows [he dose on a logarithmic
scale The curve shows the relationship k(ween the
dose and the percentage of the maximal response
induced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
par[ in the middle (see Figure 2). The ED~O
is the dose which causes 50°/0 -of the
maximal efl’t.

Semi-logarithmic curve fitting of all 30
test-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal effect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

~L ~28

Dose [mg)

Figure 3. The maximal ellfect of 3 ditTeren~ single oral
doses of be!ah]stme on nyslagmus duration in 10
volunteers a part of [he log dose-response curve.
n= 10, y=a+b In x: (a=– O.37, b= 17.2);
r = 0.95, P <0,005.

dosage over 32 mg (P< 0.0005). These
results are shown in Figure 3.

Discussion

Vestibular nystagrnus induced by means of

a torsion swing, proved to be an excellent
objective method of studying the effect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-
cing this duration (up to 63°/0 reduction in
this study). All 3 doses of betahistine had
a clear effect on the duration of nystagmus,
but the single dose of 32 mg betahistine
proved to be more effective than 16 mg
betahistine, the latter dose being in turn
more effective than 8 mg betahistine. The
nystagrnus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal eflect occurred 34 h
after drug intake. The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg
betahistine daily will be efficacious in the
maintenance treatment of vertigo, but that
a dosage of 3 x 24 mg betahistine daily will
have even more effect. It is unlikely that
the maximal effect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.

A comparison with the results from
previous experiments - B indicates that the
effect of 8 mg betahistine on reduction of
nysta~us duration is similar to that of the
antihistamines meclozine, chlorcyciizine.
cinnarizine (15 and 45 mg) and flunarizine
(10 and 30 mg), Betahistine. however, has
no sedating properties. The effects of 16
and 32 mg be[ahistine are more
pronounced than those of the anti-
histamines.
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Betahistine dihydrochloride in the treatment of

vertigo of peripheral vestibular origin

A doubl~blindplace~controlledstudy

by

W. J. 00STERVELD (Amsterd~ The Netherlands)

introduction

Betahistine dihydrochloride ( SercR)* is an histamine analogue which has been
show in several placebo-controlled double blind studies to be safe and effective
~L{elieving the symptoms of patients suffering from Meniere’s disease (Hicks

.s!, 1967; Wolfson er a~, 1967;Ftew and Menm 1976; Wilmot and MenoL
. ~76). The eflicacy of betahistine in this condition is believed to be due to its
proven ability to improve the rnicrocirculation of the inner ear (Kubicek and
Anderso\ 1967; Martine~ 1972).

The present study was designed to examine the efllcacy of betahistine in
patients with different types of peripheral vestibular vertigo. A recently reporte~
placebcontrolled study of betahistine in patients with vertigo of peripheral
origin without established cause, provides preliminary evidence of the et%cacy of
tsetahistine in these patients (Canty er a~, 1981).

The study was carried out between March 1978 and May 1981 in the Ear,
Nose and Throat Department of the Wilhelmina Gasthuis, AmsterdW The
Netherlands.

Materials and Methods

Patient population

Male or female patients under 70 years of
age, who had been suffering from peripheral
vertigo( according to the criteria of Kane and
Strong 1957) for at least two months were
eligible for the study. patients were excluded
from the study if their vertigo was considered
to be due to infections of the middle-ear or
sinuses, to & of Ocuiar, central or psychic
OrigiU or to be r,aused by cemica]

Study design

The study was carried out according to a
double blincL cross-over design. There were
two six-week treatment periods. One group
of patients received one tablet of 12 mg
betahistine three times daily during the first
treatment period and matching placebo
tablets three times daily during the secon~
while the other group received the two
treatments in the reverse order.

spondylosis or internal disorders. AlSO
excluded were Datients sufferine from Observations and measurement

- kronchial asthma &peptic ulcer, be~ause of Prior to entry into the study all patients
histarninergic properties of betahistine. received a thorough clinical examinatio~

..st’orrned consent was received from all including disease history and laboratory
patients prior to entry into the study. tests, and underwent a battery of vestibule

Repdnted with permission
through the COpyr@t
CIearanw@f@f

● %~ is ● registered trademsrk of I)uphsr B.V., Ams@rdwuThe Netherhmds
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metric tests (using electron ystagmography)
and audiometry. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, other specified types of
peripheral vertigo, or peripheral vertigo of
unknown origin. The diagnosis of Meniere’s
disease was reserved for patients with a
combination of paroxysmal vertigo, tinnitus
and varying hearing ioss, with demonstrable
recruitment on audiometric testin~

During the study period patients were
given diary cards on which they were asked
to record each day the nature, frequency and
severity of their vertiginous complaints. At
the end of each six-week treatment period the
patients returned to the out-patient clinic and
were questioned by the investigator on the
overall status of their complaints during the
previous six weeks. The following items were
rated at these visits using a numerical scoring
system

Results
Twenty-seven patients entered the study,

three of whom failed to complete the full 12
weeks (see Table I). The results in these
three patients have been excluded from the
statistical analysis of eff]cacy. Of the
remaining 24 patients, 11 received placebo
treatment first and 13 received betahistine
first. The pretreatment comparability of
the two groups was goo4 both with respect
to demographic data and the results of
the various pre-treatment assessments
;Table ~.

Data on the efficacy of the two treatments
were derived from two source$ the patient
diary cards and the assessments at the
end of each treatment period. Adequately
completed diary cards are available for 15 of
the 24 patients included in the analysis The
data on these cads (Table III) reveal that
statistically, both the incidence and severity

1.

2.
3.
4.
5.

Item

Interference of vertigo with daily activities

Severity of deafness
Severity of tinnitus }
Character of deafness
Character of tinnitus I

Rating

Minimally or incidentally hampered/at
times unable to work or carry out more
diflicuh activities/seriously limited in
work or activities.

Mild/moderate/severe.

Continuous constant/intennittentl
continuous fluctuating.

Vestibulometry and audiometry were also
repeated at the end of each treatment peri~
at the end of the study, the investigator
compared the results of the tests performed
at the end of week six with those from week
12.

At the end of the study both tie
investigator and the patient were asked to
compare the overall condition of the patient’s
vertigo during the two treatment periods by
choosing one of the following statements

— no difference between periods.
— last period slightly better.
— last period much better.
—first period slightly better.
—fimt period much better.

of dizziness were significantly lower during
betahistine treatment than during placebo
‘p= 0.004). The occurrence of nausea and
vomiting was also significantly reduced
during betahistine treatment(p=0.014 and
3.036 respectively).

These results are supported by the results
of the investigators assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vertigo
had interfered less with the patients’
activities of daily life during the betahistine
treatment period than during the placeb
period (p= 0.035, Table IV).

The seventy of timitus decreased in three
patients during the betahistine treatment
pxiod and in one patient during the placebo
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TABLE I
PATIENTSFAILINGTO COMPLETE THE STUDY

Patient no, Time of leaving study Treatment Reason

2751 After week six Placebo unknown
2752 Week one Placebo Refused ccmperation
2753 Week one Betahistioe Took other antivefliginous medication

period The severity of deafness decreased in
one patient during the placebo period

Consideration of the objective data ( from
vestibulometty and audiometry) revealed no
significant differences between the two
treatments.

Statistically, the overall comparisons of
the patient’s vettigo during the two treat-
ments made by both the patients and the
~~stigator (Table V) were significantly in

v of betahisdne (p = 0.001 ). While all
& pa of patients responded favorably
to betahistine treatmen~ the response of
the nomMeniere patients wa$ in the
investigator’s opinio~ more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLE II

PRE-TREATMENT COMPARABILITY OF TREATME~

GROUPS

Placebo Betahistine-
Variable Betahistine PlacAm

group group

Ntiber (excluding dropouts)
sex Mmle

Female
Diagnos& Meniere’s disease
Other

Menikre’s syndrome*
Paroxysmal vertigo
Dead labyrinth (r)
Chronic dizziness

unknown
Electmmystagmography

Spontaneous nystagmus
Po5itio*induclXj

“lrwtone: abnormal
-k with recruitment

12(11)
7
5
6

2
I

—

<

7
7

10
6

15(13)
7
8

12

—
—

1
1
1

12
11

14
12

● Not futfilting all criteM for Meniere’s disease: see
h4ateri@s ad Methods

.:\;’. ,,,i,+(.:,
,,*+~
:~~> ..- :

‘w’ “

reported by the patients or observed by the
investigator.

Discussion

The results of the present study confirm
the finding of Canty et aL ( 1981) that the
effectiveness of betahistine in treating
vertigo of pe ripheral vestibular origin is not
restricted to patients with a diagnosis of
Meniere’s disease.

Audiometric and vestibtdometic measure-
ments were made, principally to confirm
diagnosis, and no significant improvements
and/or ditTerences between treatment
Friods were expected or observed

The main presenting symptom for all
patients in the study was dizziness. There
was statistically a highly significant
reduction in both the incidence and severity
ofdizzirtess during betahistine treatment and
this improvement was accompanied by a
reduction in the incidence of nausea and
vomiting

Statistically, the overall comparisons
made between the two treatments were also
highly significantly in favour of betahistine.
The positive response of the patients not
diagnosed as suffering from Menidre’s
disease cord%rns the eflicacy of betahistine
in the symptomatic treatment of other types
of peripheral vestibular vertigo.

These results show betahistine treatment
to be usefid in treating dizziness of
unspecified peripheral vestibular origin It is
possible that an even more impressive
response would be achieved with a higher
daily dose of betahistine ( author’s opinion).

Summary
A doubleblkt crossover, place~

controlled study of betahistine dih ydr~
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TABLE III
DATA FROM THE PATIENT DIARY CARDS (15 PATtENTS)

Variable Placebo period Betahistine period P

Number days with dizziness 9.1 5.9 0.004
Total dizziness seventy score” 19.1 10.7 0.004
Total duration of dizziness (h) t 12.8 7.8 0.012
Number days with nausea 5.2 3.7 0.014
Number days with vomiting 3.5 1.9 0.036

● Severity scored as mild ( I), moderate (2) or severe (3).
t n= 13.

TABLE N

INTERFERENCE OF VERTSGO WtTH ACTtVtTIES OF DAILY LIFE (RATED BY T?IE tNVESTIGATOR AT THE END OF EACH

TREATMENT PERIOD AND COMPARED RETROSPECTtVELY)

Diagnosis Meniere’s disease OtIrer/unknown Total

Less on betahistine treatment 7 5 12
Less on placebo treatment 2
No difference 6 : ;
pvalue 0.18 0.22 0.035

TABLE V

OVERALL COMPARISON OF TREATMENT PER1ODS

lnvestigatoFs opinion Patient’s opinion

Judgement Meni&re’s Other/ Meniere’s Other/
diseaw unknown All disease unknown All

Betahisdrze much better 4 5 9 6 6 12
Betahistine slightly better 6 4 10 4 3 7
No difference 1 — I 1 — 1
Placebo slightly better 4 — 4 3 — 3
Placebo much better 1 1
pvalue ;.048 ;.CQ6 ;.001 0.059 ;.006 owl

pvalue Meniere’s disease vs Ot.heu’unknowm(Investigate/s opinion): 0.06.
pvalue Meniem’s disease vs other/unkrsown(Patient’s opinion): 0.10.



chloride (12 mg, ti. d) was carried out in
patients with vertigo of peripheral vestibular
origin Twenty- four patients completed the
study, which consisted of two six-week treat-
ment periods. The patients were diagnosed
as suffering from Meniere’s disease (15
patients), vetiigo due to other (specified)
causes (five patients), or vertigo of unknown
origin (four patients). Patients were
examined by the investigator at the start of
the study and were reassessed at three-
weeldy intervals. In additio~ they recorded
the nature, frequency and severity of their
symptoms on diary cards. Both the incidence
and severity of dizziness (the predominant
presenting complaint) were found to be
significantly reduced during betahistine

treatment (p = 0.004).
The occurrence of nausea and vomiting

was also significantly reduced during
betahistine treatment (p = 0.014 and 0.036
respectively). There were no statistically
significant ditTerences in the results of
audiometric or vestibulometric tests, or in
the seventy of tinnitus or deafness, between
the two treatment periods. The overall
comparisons of the two periods made by both
the patients and the investigator were signifii
cantly in favour of betahistine (fiO.001).
All diagnostic groups responded favorably
to betahistine, confkming the efllcacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwanted
signs or symptoms were reported.
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Betahistine dihydrochloride in the treatment of
vertigo of peripheral vestibular origin
A double-blind placebocontrolled study
b~

W, J. OOSTERVELD (Amsterdu The Netherlands)

Introduction

Betahistine dihydrochloride ( SercR)* is an histamine analogue which has been
showq in several placebo controlled doubl~blind studies to be safe and effective
in relieving the symptoms of patients stiering fmm Meniere’s disease (Hicks

‘“ ‘L 1967; Wolfson er m!, 1967; Frew and Men~ 1976; Wilmot and Meno%
/6). The efficacy of &tahistine in this condition is believed to be due to its

proven ability to improve the microcirculation of the inner ear ( Kubicek and
Anderscq 1967; Martine~ 1972).

The present study was designed to examine the eflicacy of betahistine in
patients with different types of peripheral vestibular vertigo, A recently reported.
place~controlled study of betahistine in patients with vertigo of peripheral
origin witioul established cause, provides preliminary evidence of the eff]cacy of
betahistine in these patients (Canty e( aL, 1981).

The study was carried out between March 1978 and May 1981 in the Ear,
Nose and T~oat Depaflment of the Wilhelmina Gasthuis, Amsterdmz The
Netherlands. -

Materials and Methods

patient population

Male or fema]e patients under 70 years of
age, who had been suffering from peripheral
vettigo(according to the criteria of Kane and
Stron& 1957) for at least two months were
eligible for the study. Patients were excluded
from the study iftieir vertigo was considered
to be due to infections of the middle-ear or
sinuses to be of ocular, central or psychic
origiw or to be caused by cemical
spondylosis or internal disorders. Also
excluded were patients suffering from
bronchial asthma or peptic ulcer, because of

—.—_, histaminergic properties of betahistine.
.orrned consent was received from all

patients prior to entry into the study.

Stud] design

The study was carried out according to a
double-blind cross-over design There were
two six-week treatment periods. One group
of patients received one tablet of 12 mg
betahistine three times daily during the first
treatment period and matching placebo
tablets three times daily during the second
while the other group received the two
treatments in the reverse order.

Obsenalions and measurements

Prior to em-y into the study all patients
received a thorough clinical examination.
including disease history and laboratory
tests, and underwent a battery of vestibul~

Reprinted with permission
through the Copyfif@t

Cleafma @fl~

● se~ is a regisLcredtrademark of Duphar B,V., Amsterdq T?se Netherlands.
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metric tests (using electronystagmography)
and audiometry. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, other specified types of
peripheral vertigo, or peripheral vertigo of
unknown origin. The diagnosisofMenjere’s
diseasewas reservedfor patients with a
combination of paroxysmal vertigo, tinnitus
and vatying hearing loss with demonstrable
recm-trnent on audiometric testing

During the study period patients were
given diary cards on which they were asked
to record each day the nature, frequency and
severity of their vertiginous complaints, At
the end of each six-week treatment period the
patients returned to the out-patient clinic and
were questioned by the investigator on the
overall status of their complaints during the
previous six weeks. The following items were
rated at these visits using a numerical scoring
system

1.

2.
3.
4.
5.

Item

Interference of vertigo with daily activities

Severity of deafness
Severity of tinnitus }
Character of deafness
Character of tinnitus }

Vestibulometry and audiometry were also
repeated at the end of each treatment per-id
at the end of the study, the investigator
compared the results of the tests performed
at the end of week six with those from week
12.

At the end of the study both the
investigator and the patient were asked to
compare the overall condition of the patient’s
vertigo during the two treatment periods by
chasing one of the following statement

—no difference between periods.
— last period slightly better.
—last period much be[ter.
—first period slightly better.
—first period much better.

{

W. J. 00STERVELD

Results
Twenty-seven patients entered the study,

three of whom failed to complete the full 12
weeks (see Table I). The results in these
d-weepatients have been excluded from the
statistical analysis of eflicacy. Of the
remaining 24 patients, 11 received placebo
treatment first and 13 received betahktine
first The pretreatment comparability of
the two groups was go@ both with respect
to demographic data and the results of
the various pretreatment assessments ,
:Table II).

Data on the eflicacy of the two treatments
were derived from two source$ the patient
diary card& and the assessments at the
end of each treatment period- Adequately
completed diary cards are available for 15 of
the 24 patients included in the analysis The
data on these cards (Table III) reveal that
statistically, both the incidence and severity

Rating

Minimally or incidentally hamperedat
times unable to work or carry out more
diflicult activities/seriously limited in
work or activities.

Mild/moderate/severe,

Continuous constant/intermittent/
continuous fluctuating.

of dizziness were significantly lower during
betahistine treatment than during placebo
(p= 0.004). The occurrence of nausea and
vomiting was also significantly reduced
during betahistine treatment (p = 0.014 and
0.036 respectively).

These results are suppted by the results
of the investigato~s assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vertigo
had interfered less with the patients’
activities of daily life during the betahistine
treatment period than during the placebo
period (p= 0.035, Table IV).

The seventy of timitus decreased in three
patients during the betahistine treatment
period and in one patient during the placebo
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TABLE I

PATIENTSFAILSNGTOCOMP~ THESTUDY
—

Patient no. Time of leaving study Trearment Reason
——

2751 After week six Placebo unknown
2752 Week one Placebo Refused c&operation
2753 Week one Betahisdne Took other antivertiginous medication

period The seventy of deafness decreased in
one patient during the placebo period

Consideration of the objective data ( from
vestibulometry and audiometry) revealed no
significant differences Ixtween the two
treatments.

Statistically, the overail comparisons of
the patient’s vertigo during the two treat-
ments made by both the patients arrd the
investigator (Table V) were significantly in
–— Kof betahistine (p = 0.001). w~le ~

A of patients responded favorably
to Wahistine treatmen~ the response of
the non-Meniere patients wa> in the
investigator’s opiniom more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLE II
PRS-TREATMENTCOMPARABILITY OF TREATME~

GROUPS

Placek Betahisrine-
Variable Betahistine Placebo

group group

Number (excluding dropouts)
sex Male

Female
Diagnos& Meniere’s disease
Othec

Meniere’s syndrome*
Paroxysmal vertigo
Dead Iabyinth (r)
Chrome dizziness

unknown
Ekct.ronysqgssography

Spontaneous nystagrnus
Poaitio*induced

~i .
srWoOe abnormal
-k with recruitment

12(11) 1s(13)

7 7

5 8

6 12

7 12
7 11

10 14
6 12

● NU hstfilling d criteriafor Mcniere’sdisex see
~tc~ xmt Methods.

reported by the patients or observed by the
investigator.

Discussion

The results of the present study confirm
the finding of Canty e( UL (1981) that the
effectiveness of betahistine in treating
vertigo of peripheral vestibular origin is not
restricted to patients with a diagnosis of
Meniere’s disease.

Audiometric and vestibulometric measure
menta were made, principally to confirm
diagnosis, and no significant improvemen~
and/or differences between treatment
periods were expected or observed

The main presenting symptom for ail
patients in the study was dizziness. There
was statistically a highly significant
reduction in both the incidence and severity
of dizziness during betahistine treatment and
this improvement was accompanied by a
reduction in the incidence of nausea and
vomiting

Statistically, the overall comparisons
made between the two treatments were also

highly significantly in favour of betahistine.
The positive response of the patients not
diagnosed as suffering from Meniere’s
disease confirms the efficacy of betahistine
in the symptomatic treatment of other types
of peripheral vestibular vertigo.

These results show betahistine treatment
to be useful in treating dizziness of
unspecified peripheral vestibular origim It is
possible that an even more impressive
respmse would be achieved with a higher
daily dose of betahistine ( author’s opinion).

Summary

A doubl&blin4 crossover, placeb
controlled study of .betahistine dihydr~



TABLE IV
iNTERFERENCE OF VERTIGO WtTH ACTSWTSES OF DAILY 1.IFE (SLWTED BY THE lNVESTIGATOR AT THE END OF EACH

TREATMENT PERJOD AND COMPARED REY’ROSPECTSVELY)

Diagnosis Meniere”s disease Other/unknown Total

Less on betahistine treatment 7 s 12
has on placebo treatment 2 3
No difference 6 : 9
pvalue 0.18 0.22 0.035

TABLE V

oVERALL COMPARISON OF TREATMENT PERIODS

Investigators opinion Patient’s opinion

Judgement Menierc’s Other/ Meniere’s Other/
disease unknown All disease unknown All

Betahistirse much better 4 5 9 6 6 12
Betahistirse slightly better 6 4 10 4 3 7
No ditTerence 1 — 1 — I
Placebo slightly better 4 — 4 ; — 3

Placebo much better — — 1
;.048 :.006 i.oolpvalue O.m 0.001 0.059

pvalue Meniere’s disease v~ othdunknown (Investigator’s opinion):0.06.
pvalue Mertiem’s disease vs other/unknown (Patient’s opinion): 0.10.



chloride (12 mg, t.i.d.) was carried out in
patients with vertigo of peripheral vestibular
origin. Twenty-four patients completed the
study, which consisted of two six-week treat-
ment periods. The patients were diagnosed
as suffering from Meniere’s disease (15
patients), ve~”go due to other (specified)
causes (five patients), or vertigo of unknown
origin (four patients). Patients were
examined by the investigator at the start of
the study and were m-assessed at three
weekly intervals. In additio~ they recorded
the nature, frequency and severity of their
symptoms on diary cards. Both the incidence
and severity of dizziness (the predominant
presenting complaint) were found to be
significantly reduced during betahistine

treatment (p = 0.004).
The occurrence of nausea and vomiting

was also significantly reduced during
betahistine treatment(p=0.014 and 0.036
respectively). There were no statistically
significant dfierences in the results of
audiometric or vestibulometnc tests, or in
the severity of tinnitus or deafness, between
the two treatment periods. The overd
comparisons of the two periods made by both
the patients and the investigator were signifii
carttly in favour of betahistine (fiO.001 ).
All diagnostic groups responded favorably
to betahistine, confhning the efllcacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwqtted
signs or symptoms were reported
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Etkt of betahistine dilsydroehlonde on indneed vestibular ❑ystagnmx a double blind

stud y

_—% The eflkct of betahistine on vestibular nystagmus induaxt by means of a torsion
swing was tested in 10 subjeets. Each individual recsived, in a randomized double-
blind study, 3 ditTerent single oral dosages of betahistine (8, 16 and 32 mg) on 3
ditTerent occasions. Eleetronystagmographic tracings were taken at different time-
intervals after drug intake. At 3-4 hours after a dose of 8 mg Mahistine the
nystagmus duration was redueed by 35°/0, after 16 mg betahistine by 48% and after
32 mg betahistine by 59% (mean values). All these differervxs in dose-response are
highly significant (P< 0.0005). it ean be concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efficacious in maintenance treatment of
vertigo, and a dose of 3 x 24 mg hetahistine daily will have even more effect.

Keywords berahistine ver!igo lrea[nren! vestibu[ar jiuncrion

ln several double blind placebo controlled
clinical studiesl -s betahistine has been
proved to be effective in the treatment of
pat ients suffering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
be[ahistine daily. Clinical observations
suggested that a dose of 72 mg (3 x 24 mg)

betahistine daily might be even more
eflective in the treatment of these patients.
The aim of the present study was to find
objeetive support for this impression.

‘ethods

OLUNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

● Trade marks: fjet-&, WLaser&, Vasomotale.

volunteered to participate in the study.
They all had a history free from neuro-
logical and cochleovestibular pathology.
All of them reeeived 3 different single oral
doses of betahistine on 3 diflerent
occasions with an inter-test interval of 1
week. The sequence of the dose strength
was randomized, Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IBLLAR !QYSTAGMLS

Vestibular nystagmus was induced by

means of’ a torsion swing, the oscillations
provoking alternating angular accelera-

tions in the swing and in the subject sitting
on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagmtts in
the horizontal plane. This nystagmus ean

. . .



132 W. J. 00 ST ERVELD

be recorded electronystagmographically.
Each time the torsion swing test is repeated
in a subject, the provoked nystagmus will
be the same, if the initial amplitude of the
swing movement is kept constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The most relevant ENG para-
meters are the duration of nystagmus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
study.

During the study, the oscillation time of
the swing was 16 seconds; this time
remained constant at each test point and
the average duration of nystagmus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as 100”1oin each individual subject.

The duration of nystagmus, following
drug administration. was calculated as a
percentage of the pre-treatment duration,
The duration of n!stagmus was measured
before administration of the drug and at ),
1. 2.3.4.6 and 8 h after. This method has
also been used in previous experiments
with other drugs.e - a

STATISTIC’S

The following statistical tests were used:
Wilcoxon matched-pair signed-rank test.
and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being statistically significant.

Results

Ten volunteers received a single oral dose
of betahis[ine (8. 16 or 32 mg) in a
randomized and double-blind fashion. on 3
difTerent Occas!ons with an inter-test in[er-
val of 1 week. The absolute values of the
duration of nystagmus at the onset of each
investigation are listed in Table 1.

1( is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7°/0 for all
subjects. Table I revealed no significant
ditierences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced by
the 3 different dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This
shows that betahistine significantly reduces
the duration of nystagmus when given in
doses of 8 mg, 16 mg and 32 mg
(P< 0.0005) and that the higher the dose
the more marked is the reduction in the
duration of the nystagmus (again
P < 0.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the
duration of nystagmus at the 3 differen[
doses were listed and also the time (t~=X)
after administration of the drug at which
these lowest values occurred. By sub-
tracting the lowest value from the baseline
value ( = 100°0) the maximal reduction of
the nystagmus dura[ion, induced by the 3
different doses in the 10 subjects, could be
determined (see Table 2).

The results showed that 16mg
betahistine was more effective (P< 0.0005)
in reducing the nystagmus duration (mean
reduction 48?io) than 8 mg betahistine
(mean reduction 350/0). Further, 32 mg
betahistine was more effective (P< 0.0005)
(mean reduction 590/’) than 16mg
belahistine.

The time-intemal between drug intake
and the maximal efT’ect (t~a,) was
significantly shorter (P < 0.005) after a
dosage of 8 mg bctahistine than after 16 or
32 mg betahistine. The tm, between the
dosage of 16 and 32 mg betahistine
(Table 2) was not significantly different.

The reduction of the duration of
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Table 1. Nystagrnus duration on\orsionswinglesl before be[ahistine (blank values)

—.

—__

Duration o~nys[agmus~s)

Tesr subject
I
3

i
4
5
6
7
8
9

10

Mean
s.d
SEM

8 mg
9.5[
945

10.11
9.63
9.67
9.58

10.05
9.38
9.84

10.39

9.76
0.34
0.11

16 mg
9.59
947
9.98
9.61
9,62
9,63
9.95
9.43
9.81

10.37

9.75
029

0.09

31 mg Mean
9.61 9.57
9.43 9.45

10.21 10.IO
9.57 9.6J3
9.63 9.64
9.56 9.59

10.03 10.OI
9.39 9.40
9.78 9.8[

10.41 10.39

9.76
0.33
0.10 =

SEM
0.03
0,01
0,07
0.02
0,02
0,02
0.03
0.02
0.02
0.01

—
—
—

% ●☛

I 1 L~——.—.—J
;I 3 4 7 8

Hours after drug retake

Figure 1. Reduction ofnysta~us duration mu#by3diflerent sin@eoral dowgesof &[ahlstlnetithrmpt 10

time m 10 volunteers (mean values i s.d. ) n = 10. * = P< O05. “* = P< O.0005. ● —–. = 8mg: O--P-C? =
16mg. A-—A = 3?mg

Table 2. The maxtmal reduction of the durauon of nystagmus and (he ume lhts maximal effeet
occurred afler drup retake

v
8 mg twahistme 16 mg betahis[ine 32 mg he fahis{me

/ (rcduc[mn ~x rcdur!ton ml1nl#> rrducfm

Sutllc(’1 (h. 10*, (h, r 0/0 I [h; J0,0 /

1 3 38 4 47 4 55

2 4 41 4 53 4 57

3 3 41 34 46 4 61

4 3 31 4 44 4 63

~ 3 33 4 50 3 62

6 7 34 4 45 4 59
7 ] 32 4 50 4 58

8 3 37 4 51 4 62
9 3 -w 4 46 4 58

10 3-4 31 4 48 3 56

Mean 3.2 35” 4 .0+ 48 3.8+ 59”

sd 0.3 3.8 o~ 29 0.4 28
SEM o. I 1.2 0.05 0.9 01 09

● W’ilcoxon P <0 IX)05. compared wi[h reducing properties of 16 mg betahlstme
t W’l]coxon p <0 O(IS. compared Mith LU. afler 8 mg beta histine

,

I

I

I
1
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(lexp,RmTc scale)

Figure 2. A log dose-response (LDR) curve. The
horizontal axis shows [he dose on a logarithmic
scale The curve shows the relationship between the
dose and the percentage of Ihe maximal response
induced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
part in the middle (see Figure 2). The ED50
is the dose which causes 50°/0 -of the
maximal effect.

Semi-logarithmic curve fitting of all 30
[es(-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal effect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

‘f L/; ; I I I I
16 32 64 128

Dose [mql

figure 3. The max]mal effec[ of 3 difleren! smgle oral

doses of k-etah]stme on nystagmus duration m 10
volunteers a part of the log dose-response curve.

n= 10: y=a+b In x: (a =–0.37, b= 17.2);
r = 0.95: P <0.005.

dosage over 32 mg (P< 0.0005). These
results are shown in Figure 3.

Diseussiort

Vestibular nystagmus induced by means of

a torsion swing, proved to be an excellent
objeetive method of studying the effect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-

cing this duration (up to 63°/0 reduction in
this study). All 3 doses of betahistine had
a clear effeet on the duration of nystagrnus,
but the single dose of 32 mg betahistine
proved to be more effective than 16 mg
betahistine, the latter dose bekg in turn
more effective than 8 mg betahistine. The
nystagmus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal effect occurred 34 h
after drug intake. The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg
betahistine daily will be efficacious in the
maintenance treatment of vertigo, but that

a dosage of 3 x 24 mg betahistine daily will
have even more effect. It is unlikely that
the maximal eflect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.

A comparison with the results from
previous experiments 6- * indicates that the
efiect of 8 rng betahistine on reduction of
nystagmus duration is similar to that of the
antihktamines meclozine, chlorcyclizine,
cinnarizine (15 and 45 mg) and flunanzine
(10 and 30 mg). Betahis[ine. however, has
no sedating properties. The effects of 16
and 32 mg betahistine are more
pronounced than those of the anti-
histamines.
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A. INGREDIENT NAME:

BISMUT H CITRATE

B. Chemical Name:

C. Common Name:

Bismuthi et Ammonii Citras

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Results) (Specifications)
Bismuth oxide content on d~ basis 57.3’% 55.0-59 .0%

E. Information about how the ingredient is supplied:

A white, amorphous or micro-crystalline powder, odorless and tasteless, and permanent in
the air.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Hopkins, R. J. Current FDA-approved treatments for Helicobacter pylori and the FDA
approval process. Gastroenterology, 1997; 113(6Suppl): S 126-130.

Stanescu, A., Mayer, D., and Gabard, B. Helicobacter pylori eradication therapy with
bismuth citrate/amoxycillin combination therapy. Leber, Magen, Darm, 1996; 26(l): 32-
36.

Tillmaq L. A., Drake, F.M., and Dixoq J. S. Review article: safety of bismuth in the
treatment of gastrointestinal diseases, Alimentary Pharmacology & i’?ieraputics, 1996;

10(4): 459-467.



—.
H. Information about dosage forms used:

Tablets

I. Information about strength:

120 mg 2 tablets-3 times a day/ or Ranitidine bismuth citrate (RBC) 200,400, 800mg bid.

J. Information about route of administration:

Orally

K Stability data:

Melts at decomposition or with mineral acids
Stable

L. Formulations:

Bismuth Subnitrate ................100gms
Citric Acid...............................70gms
Distilled water, a significant quantity

*See file for compounding formulation*

M. Miscellaneous Information:

Page -2-
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F>RODOC:T: BISMUTH C{T$lATE..,....... ..... ......
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57.3 %
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Pass ‘rest

Corretct

Correct
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White powder
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Test
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<0.5 %
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OUALI TY CONTROL REPORT

CHEMICAL NAME.: BISMUTH CITRATE

MANUl?ACTURX LOT NO. :97235018

PHYSICAL TEST

SPECIFICATIONTEST 9TmARE .:usP_tBP_\~cK_iW-i=T “—/co “‘mcs “—“

1)DESCRIPTION. :
WHITE CRYSTALLINE POWDER.IS ODORLESS.

2)SOLUBILITY. :
SOLUBLE IN AMMONIA OR ALKALI CITRATES; INSOLUBLE IN WATER;SLIGHTLY
SOLUBLE IN ALCOHOL.

-K
3)MELTING POINT.:

. MELTS AT DECOMPOSITION OR WITH MINERAL ACIDS.

-4. 4)SPECIFIC GRAVITY.:

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR BISMUTH AND CITRATE.

PASSES. : FAILS .:

COMMENTS.:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

——

.,.—



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA
—

.id 5/92- 7/92

Sigma Aldrich
For Emergency Contact USA/Canada 800-325-5832 800-231-8327

Outside USA/Canada 314-771-5765 414-273-3850

-—

HoStructure

----- ----- ----- --- IDENTIFICATION ------ ------ ------ -

PRODUCT #: B1654 NAME: BISMUTH CITRATE
CAS #: 813-93-4
MF: C18H15BI021

------------------ TOXICITY HAZARDS -------------------
DATA NOT AVAILABLE

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRITATION.
REPEATED EXPOSURE CAN CAUSE:
DAMAGE TO THE KIDNEYS
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED .

CHRONIC EFFECTS

——_

SYMPTOMS OF CHRONIC BISMUTH TOXICITY IN HUMANS CONSISTS OF DECREASED
APPETITE, WEAKNESS, RHEUMATIC PAIN, DIARRHEA, FEVER, METAL LINE ON
THE GUMS, FOUL BREATHE, GINGIVITIS AND DERMATITIS. JAUNDICE AND
CONJUNCTIVAL HEMORRHAGE ARE RARE, BUT HAVE BEEN REPORTED. BISMUTH
NEPHROPATHY WITH PROTEINURIA MAY OCCUR. THE KIDNEY IS THE SITE OF
HIGHEST CONCENTRATION WITH THE LIVER BEING CONSIDERABLY LOWER.
BISMUTH DOES PASS INTO THE AMNIOTIC FLUID AND INTO THE FETUS.



FIRST AID
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER
FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND
SHOES. CALL A PHYSICIAN.

=- IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER
FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING
THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.

-------------------- PHYSICAL DATA --------------------

SPECIFIC GRAVITY: 3.458
VOLUBILITY: AMMONIA SOLUTION: SOLUBLE WATER-SLIGHTLY SOLUBLE

APPEARANCE AND ODOR
SOLID .

------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO
PREVENT CONTACT WITH SKIN AND EYES.

------------------- REACTIVITY DATA ------------------ -

STABILITY
<STABLE. K

CONDITIONS TO AVOID
MAY DISCOLOR ON EXPOSURE TO LIGHT.

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES --------------

‘—-nPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.

WASTE DISPOSAL METHOD
DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.

--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES , SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
MECHANICAL EXHAUST REQUIRED.
AVOID BREATHING DUST.
IRRITATING TO EYES AND SKIN.
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.
WEAR SUITABLE PROTECTIVE CLOTHING.
TARGET ORGAN(S):
KIDNEYS
KEEP CONTAINER CLOSED. USE WITH ADEQUATE VENTILATION.

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH THE
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR ADDITIONAL

‘-RMS AND CONDITIONS OF SALE
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(:, BENZIN.
.,

!.~” :~

“c PETROLEUM BENzm PETROLEUM ETEER.]+,,,.
,;~

1
A purifieddistillatehornAmerncanpetroleum,CmsistigOf’~

:;’., edons,&ieflyofthernarsh-gaeseries[C@la~C@lW ~d hom~
$,’ compounds].
+.:.:.~. Benzinshouldbeoareildlykeptinwell-stopperedbottlesort
~..,.- inacoolplace,remotefromlightsorfire. ,:
y.* j.:+.,,.:.!.:7,, A transpmen~,colorless,difFusiveliquid,of2 strong, characterisl
~e.,,. slightlyresemblmg that of petroleum, but much less disagreeable, an~

&,$,.

,.$

-----
soluble &&~~ ~-&&-of alcohol, and readil

‘~nh is highly‘infhum&ble, and its vapor, when mixed witl
tited, expkxks violently.
On evaporating Benzin from the hand it should leave no odor, an~

oratimz it from a warmed dd. it sho~d leaveno residue(absenct
hydro&rbona). “ ~

When it is boiled for a few minutes with one-fourth ite volume of
ammonia and a few drops of silver nitrate T. S., the ammoniacal liqu

$s
not turn &mvn abeence of pyr enouaproducts and sulphur compound

If 5dropof nzin be adde%to a mixture of 40drops of sulphur
dro s of nltnc acid, in a test-tube, the liquid warmed for about ten

2an then set aaide for half an hour, on diluting it, in a shallow ,d
water, it should not evolve the bitter-almond-like odor of nitro-bena
ence from, and abeence of, bend). ,;

:?,: . ,.’

,$>:’.<’ BENzOIvUM. y
y{.,, ~~~,, . . BENZOIN.

4
“-,

~,i.,.. ,’.:
xj:. .- ‘k bdswnieresin obtained from A’tyraxBemmin Dryander (If:+.,
jj;~j:~~ea).

i

,,

:,
3i@.);;,iIn lum consisting of

‘r
lutinated, yellowish-brownteam,which

y~;.,f, ?nallymd -white,orm the orm ofa reddish-bmwnmass,more or ld

~l$j$}.”’, ~m whitishte~ ~bedded~ i~ ItiS*ofi WhOW @yblein6
moderatel warm alcohol,and insolutionsofthef3xedalkahes.WI

2~?~$,:~;, itgiveso fumesofbenzoicacid. Ithas an agreeable,balsamicod
${$~~,,‘:,figh~aromatictaste.

;~;;;~ Preparations:Adeps Benzoinatus.TincturaBenzoini.

1

tic~
,.,,4. timpoeita.,.,..
:,-:~,:;,:/... BISMUTHI CITRAS. ~:

[*:??%%?y “::’:’“, ;
~’~;:,:j ; :,:’,”:.’.;
?$$$’.,5,’~‘““-””‘“;

BISMUTH CITRATE. /’4
@,;4j:: ...’. ; ~ ‘BiC@~07 = 397.44.

[

,.
~$~;,$,” Bismuth Subnitrate, qne hundred ~arnnw.... ~......’. .!)I

~,”’;-’:, Citic Acid, 8eventy g’ra?nm-e.s. . . . . . . . . . . . . . . . . . . . . . . . . . . $

@:”: Distilled Water, a .m@ien.t quantity. i
.,.



—
A white,amorphousormicro-crystallinepowder,odorle

per&&ent intheam. .Cssand tnstelesa,and -

--liisolt [bIe in wat.ei or alcohol, but soluble in ammonia water, and in solutions
of the citrates of the alkalies.

“ H &other portion of the cooled filtmh be mixed with an equaI volume of
concentrated sulphuric acid, and again cooled, no brown or brownish-black
color should ap ar around a crystal of ferrous sulphate dropped into the liquid

Y(limit of nitrote .
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1206 Gasr.ro -intestinal

Uses and Administ~tion continued

colon. A complex of bisacodyl with tannic acid
(bisacodyl tannex) is generally used in a dose equiv-
alent to 1.5 to 3.0 mg of bisacodyi dissolved in 1 li-
tre of barium sulphate suspension. ‘f’hetotal dose for
one procedure should not exceed 4.5 mg of bisa-
codyl and no more than 6 mg should be adminis-
tered in 72 hours.

Preparations
Nsntes of preparauons are listed below: de!ails arc gi~,enin Pzrr 3.

Otlfciat Preparations
BP /993. Bisaccdyl Suppositories: Bisacodyl Tableu:
f/SP 23; Bisacodyl Suppmimries; Bimccdyl Tablcrs

Pt-nprietsty Preparations
AIM,: Dulcolax: Laxbene; Ausrnd.: Bisaiax: Durolax; Belg.: Dul-
colax; Purgo-Ptl: Cunad.: Bisacolaxt: Dulcolax: FE; Conml=,
Dulco lax; Ger: Agarolenen N: Bisco-Zbront; Dnx; Dulcol ax:
Florisan N, Lasamn N; Laxsns-rariophawn?: t-axben~ Laxbme
N; Laxoberal Bisw Logomed AbfutwDragees; .Msndmlax; Mult}-
last; Nedalax?; Pyrils.c Stadalast: tempolax: Mnco-Abfihqw-
len: /ra/.. Alaxa: Dulcolax: Normalene: Ne/h.: Dulcolax;
Nounlut; Toilaxt: Zwirsaks.x/N;Now.: Dulcolax: Toils.x: .S.Afc.’
Capolax: Dulcolax: Megalax: Perilax~; Spain: DUICO Laxo;
Medesup: Swed.. Dulcolax; Toilax; Swim: Demolaxin: Dulcoiax;
Ercoia,v Laxbsnet; Muxol: F4untolas; UK: Dulcn-bx: USA: Bis-
co-Lax; Duicagen: Dulcolsx: Evac-Q-Kwik Suppmmry; Fteet
Bisacodyl; Fteet Laxative.

Multi-ingredient preparations. Ausr.:Laxbene:Prepacol:
Purga.zen:PurigorxA.srral.:Coloxyi:Dumlss X-PICKRaykic
Belg.: Prepacol:Softcne:Canad: Dulcodost: Evac-Q-Kwik:
Royvac Kit: Fr: Neo-Boldolaxin~ Pilule Dupum F%epac,ol;Gez:
Bekumst; Daluwd Forte*; Dragees Duesbcrgt; Medlolax N;
Millauen Abfiihrdragees; Milkitten S+; Potsilw Prepacok Regu-
Imt; Rheolindt: 3@ont; Vtnco V. Ital.: Fisiolsx: Spain: Bekunis
Complex: Boldolaxin; Swirr-: Alohrophen; Bekunis; Drix; Tbgon;
UK: Nylax: USA: Dulcolax Bowel Prep Kit: Tridmte Bowel Evac-
uam Kic X-Prep Bowel Evacuam Kit-I: X-prep Bowel Evacuant
Kit-2.

Bismuth Compounds (17157-.)

Bismuth compounds have beers used for their arrt-
acid and astringent properties in a variety of gas-
tro-intestinal disorders, and have been applied
topically in skin disorders and anoreetal disord~rs
slSEltes haemorrttoltts. ue rtakn safts, notably tripo-
tassium dictratobismuthate and to a lesser extent
bismuth salicylate, are used in the treatment of
peptic ulcer. Most of the bismuth compounds in
current use are poorlv soluttle, whtch red-
@kity, but excessive or prolonged w may lead ~
bismuth accumulation and toxicity, including re-
nef failure, liver damage, and encephrtfopathy.

Bismuth (5265-w)

Bi = 20 B.9B037.
CAs — 7440-69-9.

A silvery-white crystalline britde merat with a pinkish tinge.

Bismuth Aluminate (526&y)

Bismuth Aluminate (USAN).

Alummum Bismuth Oxtde.
Bi1(A1204)3, I OHIO = 952.0.
CAS — 12284-76-3 (anhydrous bismuth alumlnote}.

?harmacopoe{os. In Fr.

Practically insoluble in water.

Bismuth Citrate (14763-Y)

CAS — 813-93-4.

1< [ Practically insoluble in water and in alcohol; soluble in solu-
tions of akali citrates.

Bismuth Oxide (5271 -p)

Bismuth Tnoxide,

Bt203 = 466.0.

CAS — 1304-76-3.

Pracclcaily insoluble in water.

Bismuth Phosphate (18850-r)

f31P04 = 304.0.
as— /0049-01-1.
Phormocopoe!os. In Fr.

I~! Slightly suluble m water and in dilute acids practicably insol-
uble in alcohol and in acetic acid, soluble in concentrated ni-

t!
uic mid urd in concentrated hydrochloric acid.

Bismuth Salicylate (S275.1)

Basic Bismuth Salicylate Bismuth Oxysalicylats Bismuth Sub-

salicylate (USAN).

CAS — 14882-18-9.

Pharmacopoems, In Fr,, Hung., IL, and Neth.

.4 !msic d ofvarying cOmpnSltiOIt, COtTeSpOn&tg apptOXi-

m~tely to CfiHj(OH).CO1(BiO) and containing about 58% of
Bi,

Bismuth Subcarbonate (5279-c)

Bismuth Subcarbonate {USAN).

fkasIc Bismuth Carbonat& Bas!sches Wismudrarbonac Bism.

Carb.; Bismuth Carbonate Bismuth Oxycarbonate Bismurhi

Subcarbonas: Bnmurylum Carbon!cum; Carbonato de Bi$mu-

tlla.

CAS — 5892 -10-4 (onhydrous blsmuch subcarbonoce);
5798-45-8 (bismuth subcarbonote hemthydrate).

Pharmacopoeias. In AUSL, 8elg., 8c, Chin.. G., .QK, Fr., Ger.. IL.

Neth., and Pam
The standards of Ph. Eur. apply to those counrnes that ars par-
ties to the ConventIon on the Elabomuon of a European Phar-

macopoeia. see pxtii.

A whjte or almost white odourless powder.
practically insoluble in water, in alcohol, and in etbec dis-
solves !n minerat ~cids with effervescence. Protectfrom
light.

Bismuth Subgallate (5260-s)

5mnuth Subgailace (U5AN).
Basic Bismuth Gallace: Basoches Wismutgallac Bism. Subgafl.:
Bismuth Oxygallatc Bismurfv Subgallas.
C#B106 = 394,1.

— 99-26-3.
Pharmacopoeias. In Fr., Ger., Hung., Jpn, Nerh., and US.

USP s~cifies 52 to 57% of Bi30, when dried at 105° for 3
hours. It is m odourless amo~hous bright yellow powder.
Practically insnluble in water, in atcohoL in chlomfomr, in
erher, and in vcv dilute mineral acids; dissolves readily witi
decomposition in w- moderately dilme hydrochloric. ni-
tric, or suiphuric acidx retiily dissolves in solutions of irkkali
hydroxides IO form a clear yellow liquid which rapidly be-
comes deep red. Store in airright containers. Protect from
light.

Bismuth Subnitrate (52BI -w)

Basic Bismuth Nitrate: Bamcks Wismurnitrat Bum. Sukmtc.:
Bismuth Hydrnxjde Nirmte Ortlde Bismuth Oxymtrate Bis-
muth (Sous-Nmce de) Loud Bismuti Submnas; Bismurhyl
Nitrate; MagmeW of Bismuti, Nirrato de 136mutdo; Subszora-
to de Bismuto: Whine Bkmuth.
Bi50(OH)9(N03), = 1462.0.
CAS — [304-85-4.
pharmacopoeias. In AWL. G., Fr., Ger., Hung.,]@, arid US.
Fr. also includes Blsmurh (Sous-Nioate de) L&ger (Bismuth}
Subntrm Levis) which is described as a variable mixwe of bls-
murh hydroxide, carbonate, and submoate.

USPspecifiesnot lessthan79%of Bi203 calculated on the
dried basis. h is a white slightly hygrnscopic powder. Practi-
cally insoluble in water and in atcobol; readily dissolvrs in
nitric and hydrochloric acids.

Bismuth Tmnate (I 1269-r)

Practically insoluble in water,in ~lcohol. and in edrer.

Bismuth Tribromphenate (s2824)

Bismuth Tnbmmophenare Bismutum Tnbromophenyliim:
Bromphenobtq Bromphenol Bismuth; Xeroformium.
CAs— 5175-83-7.

Slightty snhtble in water, in alcohol, in chlomfonrr, and in
vegetable oils.

Tripotassium Dicitratobismuthate (3778-c)

Bismuth Subcitcmz Collotdal Bismurh Subcm-ate.
CAS — 57644-54-9.

Adverse Effects, Treatment, and Precau-
tions
The bismuth compounds listed above are insoluble
or very poorly soluble, and bismuth toxicity does
not currently appear to be common with them if they
are used m they are now for limited periods. How-
ever, excessive or prolonged dosage may produce
symptoms of bismuth poisoning, and for this reason
long-term systemic therapy is not recommended.
Also it should not be forgotten tha( reversible en-
cephalopathy was once a problem in some countries,
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Database: Medline <1966 to present>

Set Search Results
-------------------------------------------------------------
1 exp bismuth/ 2126
2 bismuth ci.trate.tw. 53
3 efficacy.tw. 108250
4 safety.tw. 44957
5 exp drug therapy/ 115501
6 2 and 3-
7 2 and 4
8 2 and 5
9 from 6 keep
10 from 7 keep
11 from 8 keep

<1>

Unique Identifier
98060676

Authors
Laine L. Estrada R.

Title

—
11

4
13

3-5,7-8,10 6

3-4 2

12-13 2

Trujillo M. Emami S.

—
Randomized comparison of ranitidi.ne bismuth citrate-based
triple therapies for Helicobacter pylori.

Source
American Journal of Gastroenterology. 92(12):2213-5, 1997
Dec.

Abstract
OBJECTIVES: In an attempt to increase the efficacy and
simplicity of FDA-approved regimens for Helicobacter
pylori, we studied (1) addition of an inexpensive
antibiotic (amoxicillin) to twice-daily ranitidine bismuth
citrate (RBC)-clarithromycin dual therapy, and (2)

~ 1 of RBC for bismuth subsali.cylate + H2-receptor
antagonist in bismuth-based triple therapy. METHODS:
Subjects with previously untreated Helicobacter pylori
infection documented by 13C-urea breath test plus either
endoscopic biopsy or serology were randomly assigned to a
2-wk course of (1) RBC 400 mq b.i..d., amoxicillin 1 g
b.i.d., and clarit~ romycin 500 mg b.1.d. (RAC), or (2) RBC
400 mg b.i.d., metronidazole 250 mg t.i.d., and
tetracycline 500 mg t.i.d. (RMT). Repeat breath test was
performed 4 wk after the completion of therapy. RESULTS:
Intent-to-treat and per-protocol cure rates for RAC were 46
of 50 patients (92%) and 45 of 47 patients (96%)s for R.MT
they were 40 of 50 patients (80%) and 37 of 42 patients
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(88%). Study drugs were stopped due to side effects in
three patients (6%) taking RAC and six patients (12%)
taking RMT. CONCLUSIONS: Twice-daily RBC-based triple
therapy with clarithromycin and amoxi.ci.llinproduces
Helicobacter pylori eradication rates over 90%, which is
comparable to rates seen with proton pump inhibitor-based
triple therapies. RBC also may be substituted for bismuth
subsalicylate and an + H2-receptor antagonist in standard
bismuth-based triple therapy.

<2>

Unique Identifier
98056756

Authors
Hopkins RJ.

Title
Current FDA-approved treatments for Helicobacter pylori and
the FDA approval process.

Source
Gastroenterology. 113(6 Suppl):S126-30, 1997 Dec.

Abstract
U.S. Food and Drug Administration (FDA) approval of new
drugs expands treatment options and serves as a ‘tsafety
net” of well-documented efficacy and safety. The
information provided in the package insert facilitates
physician education and provides some assurance that
marketing information is accurate. As of February 1997,
three Helicobacter pylori regimes have been FDA-approved
for eradication of H. pylori in infected patients with
active duodenal ulcers. Regimen 1, omeprazole +
clarithromycin (0/C), was supported by two multicenter,
controlled studies with a 6-month follow-up. Eradication
rates were 74% (n = 53; 95% confidence interval [CI],
62-85) and 64% (n = 61; 95% CI, 52-76). TwentY-five of 26
patients with failed eradication therapy who were taking
O/C with clarithromycin-susceptible strains before
treatment and who had pretreatment and posttreatment
susceptibility tests performed developed clarithromyci.n
resistance after treatment, Regimen 2~~
~anitidine-bismut.~ + clarithromycin, was supported
by two multicenter,~lacebo-coil trolled studies with a .
~n~..zOllOw- ~Eradication rates were 84% (n =,19: 95%

~-~ and 7=Q...=?~$~~$~1--~I-~5o:!:)” insufficient
pretreatment and posttreatment suscefillnl’ity data were
collected to assess antimicrobial resistance. Regimen 3,
bismuth subsalicylate + metronidazole + tetracycline + an
H2-receptor antagonist, was supported by two pivotal
literature-based studies. Eradication rates in patients
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with duodenal ulcer were 82% (n = 51; 95% CI, 70-92) and
77% (n = 39; 95% CI, 61-89), respectively. When
extrapolating the results of these three FDA-approved
regimens to the clinical setting, particular aspects of the
clinical trial should be kept in mind. These include the
type of controls, primary end points used, population
studied, and number and type of dropouts.

<3>
Unique Identifier
97450491

Authors
Williams MP. Hamilton MR. Sercombe JC. Pounder RE.

Title
Seven-day treatment for Helicobacter pylori infection:
ranitidine bismuth citrate plus clarithromycin and
tetracycline hydrochloride.

Source
Alimentary Pharmacology & Therapeutics. 11(4):705-10, 1997
Aug.

Abstract
BACKGROUND: Dual therapy with ranitidine bismuth citrate
plus clarithromycin twice daily for 14 days is an effective
regimen for eradicating Helicobacter pylori infection. AIM:
To determine whether this regimen can be improved by the
addition of a second antibiotic, tetracycline
hydrochloride, whilst reducing the duration of treatment to
7 days. METHODS: Sixty-one out-patients were enrolled to
this open treatment study. All had H. pylori infection, as
determined by 13C-urea breath test and, for those
undergoing endoscopy, by rapid urease test. Patients were
treated with ranitidine bismuth citrate 400 mg.
clarithromyci.n 500 mg and tetracycline hydrochloride 500 mg
all twice daily for 7 days. Eradication of H. pylori was
assessed by two separate 13C-urea breath tests, the first
28-68 days after the completion of treatment, the second
28-162 days later. H. pylori infection was considered cured
if both tests were negative. RESULTS: All 61 patients were
included in the intention-to-treat efficacy analysis.
Successful eradication of H. pylori was achieved in 55/61
patients (90%; 95% CI; 82-98%). Fifty-nine out of sixty-one
patients reported 100% compliance; one patient missed a
single dose of medication and the other withdrew at 48 h
due to nausea and vomiting. Minor adverse events were
reported by 30/61 patients. CONCLUSION: One-week triple
therapy with ranitidine bismuth citrate, clari.thromycin and
tetracycline, all twice daily, is a safe and well-tolerated
regimen which eradicates H. pylori in 90% of infected
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patients.

<4>
Unique Identifier
96384043

Authors
Peterson WL. Ciociola AA. Sykes DL. McSorley DJ. Webb
DD.

Title
Ranitidine bismuth citrate plus clarithromycin is effective
for healing duodenal ulcers, eradicating H. pylori and
reducing ulcer recurrence. RBC H. pylori Study Group [see
comments].

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035

Source
Alimentary Pharmacology & Therapeutics. 10(3):251-61, 1996
Jun.

Abstract
AIM: To compare the efficacy of the coadministration of
ranitidine bismuth citrate plus the antibiotic
clarithromycj.n, with ranitidine bismuth citrate alone or
clari.thromycin alone for the healing of duodenal ulcers,
eradication of H. pylori and the reduction of ulcer
recurrence. METHODS: This two-phase, randomized,
double-blind, placebo-controlled, multi.centre study
consisted of a 4-week treatment phase followed by a 24-week
post-treatment observation phase. Patients with an active
duodenal ulcer were treated with either ranitidine bismuth

~itrat~ 400 nu b.d. f~r 4 weeks plus cla~~thromycln E)uo mg ‘–
t.d.s. for the first 2~eks; ranitidine bismuth citrate
400 mg b.d. for 4 weeks plus placebo t.d.s. for first 2
weeks; placebo b.d. for 4 weeks plus clarithromycin 500 mg
t.d.s. for the first 2 weeks; or placebo b.d. for 4 weeks
plus placebo t.d.s. for the first 2 weeks. RESULTS: Ulcer
healing rates after 4 weeks of treatment were highest with
rani.tidine bismuth citrate plus clarithromycin (82%)
followed by rani.tidine bismuth citrate alone (74%; P =
0.373), clarithromycin alone (73%; P = 0.33) and placebo
(52%; P = 0.007). Ranitidine bismuth citrate plus
clarithromycin provided significantly better ulcer symptom
relief compared with clarithromycin alone or placebo (P <
0.05). The coadministration of ranitidine bismuth citrate
plus clarithromyci.n resulted in significantly higher H.
pylori eradication rates 4 weeks post-treatment (82%) than
did treatment with either raniti.di.ne bismuth citrate alone
(o%; P < 0.001), clarithromyci.n alone (36%; P = 0.008) or
placebo (O%; P < 0.001). Ulcer recurrence rates 24 weeks

—



1

Page Number : 5

—.

___

post-treatment were lower following treatment with
ranitidine bismuth citrate plus clari.thromyci.n(21%)
compared with ranitidi.ne bismuth citrate alone (86%; P <
0.001), clarithromyci.n alone (40%: P = 0.062) or placebo
(88%; P = 0.006). All treatments were well tolerated.
CONCLUSIONS: The coadministrati.on of ranitidine bismuth
citrate plus clarithromycin is a simple, well-tolerated and
effective treatment for active H. pylori-associated
duodenal ulcer disease. This treatment regimen effectively
heals duodenal ulcers, provides effective symptom relief,
eradicates H. pylori infection and reduces the rate of
ulcer recurrence. The eradication of H. pylori infection in
patients with recently healed duodenal ulcers is associated
with a significant reduction in the rate of ulcer
recurrence.

<5>
Unique Identifier
97006475

Authors
Wyeth JW. Pounder RE. Duggan AE. OtMorain CA.
Schaufelberger HD. De Koster EH. Rauws EA. Bardhan KD.
Gi.lvarry J. Buckley MJ. Gummett PA. Logan RP.

Title
The safety and efficacy of ranitidine bismuth citrate i.n
combination with antibiotics for the eradication of
Helicobacter pylori..

Source
Alimentary Pharmacology & Therapeutics. 10(4):623-30, 1996
Aug.

Abstract
BACKGROUND: Ranitidine bismuth citrate is a novel salt of
ranitidine and a bismuth citrate complex. It has intrinsic
anti.secretory and anti.-Helicobacter pylori activity, but
monotherapy rarely eradicates H. pylori infection in man.
AIM: A pilot study to investigate rates of H. pylori
eradication achieved by co-prescription of ranitidine
bismuth citrate with antibiotics, and to identify several
regimens which would merit further investigation. METHOD:
One hundred dyspeptic patients infected with H. pylori were
randomly allocated to treat~t..with rani.tidi.neb@muth-.._._
~i- &U30.mgb,d. plus either amoxycillin, metrofid%-zole,
cIarithromyc in, cefuro-xime axetil, tetracycline,
tetracycline plus metronidazole or clari.thromycin plus
tetracycline for 14 days. Eradication of i.nfecti.onwas
assessed using the 13C-urea breath test 4 weeks after the
end of treatment. RESULTS: In a per protocol analysis
eradication of H. pylori ranged between 22 and 100%: the
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intention-to-treat eradication rates ranged between 15 and
92%. No adverse events were specifically attributed to
raniti.dine bismuth citrate. CONCLUSION: Co-prescription
therapy, using ranitidine bismuth citrate and one or more
antibiotics, is suitable for further investigation i.n
large-scale clinical trials in patients infected with H.
pylori.

<6>
Unique Identifier
97004564

Authors
Stanescu A. Mayer D. Gabard B. Jest G. Baczako K.
Dragi.ciA. Malferthei.ner P.

Title
[Helicobacter pylori eradication therapy with bismuth
citrate/amoxycilli.n combination therapy]. [German]

Source
Leber, Magen, Darm. 26(1):32-6, 1996 Jan.

Abstract
The efficacy of a new combination ~re~aration containing_,—
bis~~

.-—. ——. ———___
e and amoxicill_i&.~ ..tibl.et..was~ared

w=th e efficacy of bismuth citrate monothera~y in a
rana~ aouyhlindstudy m.n..the...ertiq@@ of——.

‘ Helicobacter pylori. The study involved 70 H. pylori
positive (antrum biopsies showing a positive urease test)
patients with non-ulcer dyspepsia and chronic gastritis.
The treatment period was 14 days; 35 patients in group 1
received 2 tablets tid containing the bismuth citrate
amoxi.cilli.ncombination (BIAM tablet; 250 mg amoxi,cillin
base and 120 mg ~muth); 35 patients in am~~were -

--,7. treated with 2@ablets>tifiontaining_bi.smuth citrate (BI

$
~$9 efi”-12Umqbism@).

———-
Total daily d~se was therefore—

% ..4 ‘1500 mg amoxicillin + 720 mg bismuth in grQu@ 1 patients!.

“f’)‘+’}~~)‘esp”~20 mg bismuth in group 2 patients. 4 weeks after

\
therapy H. p~o=i could no-=e h~tologically detected in

-——

4$

/’”

the antrum of 22 patients (63%) in group 1 and 8 patients
(24%) in group 2. Thus in group 1 (BIAM) a significantly
higher eradication rate (p < 0.001) was shown than i.ngroup

//- 2 (BI). Inflammation characterized by the infiltration of
polymorphonuclear cells was significantly (p < 0.01) less
pronounced in group 1 (BIAM) than in group 2 (BI) 4 weeks
after the end of treatment. Gastrointestinal distress was
quantified by evaluation of 13 different symptoms using a
fourpoints scale at the beginning of the study and after 2
and 6 weeks. The.~um of scores decreased by 81% in group 1
(:I_M2Uand 71% in grofip~””7Bu after 6 weeks.

—— -----

— ‘“-—–”—-—————— _______
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Database: Medline <1966 to present>

Set Search Results
-------------------------------------------------------------
1 exp bismuth/ 2126
2 bismuth citrate.tw. 53
3 efficacy.tw. 108250
4 safety.tw. 44957
5 exp drug therapy/ 115501
6 2 and 3 11
7 2 and 4 4
8 2 and 5 13
9 from 6 keep 3-5,7-8,10 6
10 from 7 keep 3-4 2
11 from 8 keep 12-13 2
12 exp drug stability/ 20813
13 2 and 12 0
14 stability.tw. 54760
15 2 and 14 0

<1>
Unique Identifier
97006457

Authors
Tillman LA. Drake FM. Dixon JS. Wood JR.

Title

~+

Review article: safet ~ bismuth in the treatment of
gastrointestina lseases [see comments]. [Review] [60
refs ]

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035-6

Source
Alimentary Pharmacology & Therapeutics. 10(4):459-67, 1996
Aug.

Abstract
Bismuth preparations are commonly used to treat a variety
of gastrointestinal disorders, including peptic ulcers and
dyspepsia. The safety profile of curretilg.appr~ve d bismuth

~~tbnss.such as trlpotassium dicitrato bismuthate
(De-Nol), bismuth subsalicylate (Pepto-Bismol) and
ranitidine bismuth citrate (Pylorid, Tritec), is excellent.
Adverse reactions to these age.nks. are~_Er_anslent arKY_,, ___. ... ..... _-—---——---.-.—.-..—-.— ....__. _.,..----

Xme que&-mMLr+cxE*&of sserio.us .adverse reactions are
rare. This, i.n part, reflects the low systemic
bioavailability of bismuth from these medicines: less than
1% of the bismuth dose administered is absorbed. During
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repeated dosing with raniti.dine bismuth citrate 200, 400 or
800 mg b.d. trough plasma bismuth concentrations remain
well below 50 micrograms/L. After 4 weeks of treatment
median concentrations of 3.4 micrograms/L or less were
reported amongst 1210 duodenal ulcer patients receiving
this new chemical entity, while mean concentrations of 5.1
micrograms/L (plasma) and 12.3 micrograms/L (blood) have
been reported in two studies of patients receiving
tripotassium dicitrato bismuthate 120 mg q.d.s. for 4
weeks. Transient peak plasma bismuth concentrations greater
than 50 micrograms/L are observed 30-60 min after dosing
with tripotassium dici.trato bi.smuthate i.nsome patients,
but are not associated with any toxic effects. After
discontinuation of treatment with bismuth preparations its
excretion in urine may continue for up to 3 months, by
which time blood bismuth concentrations have declined to
pretreatment values. [References: 60]

<2>

Unique Identifier
95036730

Authors
Pounder RE.

Title-
Treatment of peptic ulcers from now to the millennium.
[Review] [61 refs]

Source
Baillieres Clinical Gastroenterology. 8(2):339-50, 1994
Jun.

Abstract
The present strategies for the management of peptic
ulceration are well tolerated and clinically effective.
Histamine H2-receptor antagonists can be used for mild to
moderate disease, and proton pump inhibitors are of
particular benefit for patients with severe peptic
ulceration and the Zollinger-Ellison syndrome. However,
none of these treatments provides protection against
recurrent ulceration, except when taken as long-term
continuous treatment. Long-term exposure to pharmacological
agents raises problems of safety, particularly relating to
a lack of intragastric acidity. In addition, the
accelerated development of atrophic gastritis in patients
receiving omeprazole requires investigation and assessment.
It is unlikely that there will be any major development i.n
the area of control of gastric acid secretion, except
perhaps the introduction of specific immunization against
gastrin. However, the clinical benefit of this strategy
awaits assessment. The main area for development must be
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—
the introduction of convenient and effective regimens for
the eradication of Helicobacter pylori infection. Existing
regimens are either simpler and relatively ineffective, or
too complicated for widespread application. Bearing in mind
the long gestation period of any new drug, it seems likely
that the only innovative drug that will be introduced for
the management of peptic ulceration before the millennium
will be ranitidine bismuth citrate, an antisecretory
anti-H. pylori drug that will usually be used in
combination with an antibiotic. [References: 61]

—.—
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<1>

Unique Identifier
96228244

Authors
Hunt RH.

Title
Eradication of Helicobacter pylori infection. [Review] [72
refs]

Source
American Journal of Medicine. 1OO(5A):42S-5OS; discussion
50S-51S, 1996 May 20.

Abstract
Helicobacter pylori i.sprobably the most common bacterial
infection worldwide and the accepted cause of chronic
active gastritis. It has a critical role in duodenal ulcer,
where the prevalence of infection is 90-95%. There is a
dramatic reduction in the rate of ulcer recurrence after
successful eradication of the organism to about 4% per
annum compared with up to 80% when the infection persists.
What is true for duodenal ulcers is also true for patients
with gastric ulcer who are infected with H. pylori. The
risk of recurrent ulcer complications with bleedi,ng is
virtually abolished following successful eradication of H.
pylori; in contrast, the risk of rebleeding is about 33% in
patients still harboring the organism. The treatment of H.
pylori infection in patients with confirmed peptic ulcer on



Page Number : 2

first presentation or recurrence has been advocated by a
Consensus Conference of the National Institutes of Health.
The most evaluated regimens include dual therapy with a
proton pump inhibitor and either amoxicillin or
clarithromyci.n, and bismuth-based triple therapy with
metronidazole and tetracycline. The use of a proton pump
inhibitor-containing regimen offers the advantage of rapid
symptom relief and the highest rates of duodenal ulcer
healing. Moreover, combinations of a proton pump inhibitor
and clarithromyci.n show more predictable and higher
eradication rates than amoxicillin combinations. Newer
triple therapies with a proton pump inhibitor plus two
antibacterial agents given for 7-10 days are being
increasingly described and may become the treatment of
choice if initial results are confirmed. However, the
optimum dosage regimen needs to be established. A new
combination of ranitidine bismuth citrate and
clarithromycin has also recently been shown to be
effective. At this time it is reasonable to consider all
patients with confirmed duodenal or gastric ulcer for
eradication of H. pylori, and no patient should be
considered for elective surgery without first being offered
eradication therapy. [References: 72]

<2>

Unique Identifier
92248146

Authors
Dobrilla G. Piazzi L. Amplatz S. Benvenuti S. Di Fede
F.

Title
Helicobacter pylori and gastric ulcer therapy: reflections
and uncertainties. [Review] [32 refs]

Source
Italian Journal of Gastroenterology. 24(2):79-84, 1992
Feb.

Abstract
The relationship between Helicobacter pylori (HP) and
gastric ulcer therapy 1s examined by analyzing both the
data that suggest that eradication of HP renders the
gastric mucosa less susceptible to development of gastric
ulcer as well as the substantial body of evidence that does
not support this contention. Tm results repmrted in
.~nical trials with colloidal b.isnu@h ci.tratq,
antimicrobial agents (furazolidone), and combinations of
anti-ulcer and antimicrobial agents
(H2-antagonist+cefixime, H2-antagonist+metronidazole) are
reviewed. Also analyzed is the relationship between HP
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eradication and ulcer recurrence. Only one study is
available on thi,saspect, and the limited evidence i,t
provides in favour of a prophylactic effect of eradication
therapy is not entirely convincing. The authors conclude
that there is no reasonable case for the dogmatic
assumption that eradication of HP facilitates either acute
healing or long-term prophylaxis of gastric ulcer, though
certain subgroups of gastric ulcer patients may benefit
from eradication therapy. [References: 32]

.——.



A. INGREDIENT NAME;

CAFFEINE CITRATED

B. Chemical Name:

C. Common Name:

Citrated CafYeine,Coffeinum Citricum

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(iSpc@cations) (Result)
Assay (citricacid) 48.0-52 .0% 50.5%

E. Information about how the ingredient is supplied:

WhiteCrystalline Powder, Odorless Powder having a slightly bitter, acrid taste

F. Information about recognition of the substance in foreign
pharmacopoeias:

Pharmacopoeias.In Aust., Hung., Ind., Roum., and Span.
B.P.C.1959
U. S. Pharmacopeia/BP 1959

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Aldridge, A. Ctieine metabolism in the newborn. Clin. Phannacol 7her., 1979;25:447.

LeGuennec, J. C. Maturational changes of caffeine concentration and disposition in
infancy during maintenance therapy for apnea of prematurity: influence of gestional age,
hepatic disease, and breast-feeding. Pediatrics, 1985; 76: 834.

Arand~ J. V. Maturation of caileine elimination in infancy. Arch Dis Child 1979; 54:
946.



Brouard, C. Comparative efficacy of theophylline and ctieine in the treatment of
idiopathic apnea in premature infants. An. J Dis. Chi~ 1985; 139:698.

Eisenberg, M. G. and Kang, N. Stability of titrated caffeine solutions for injectable and
enternal use. An. J hosp. I%ann., 1984;41 (1 1):2405-2406.

Brouard, C., Moriette, G., and Murat,I. Comparative efficacy of theophylline and ctieine
in the treatment of idiopathic apnea in premature infants. Am. J Dis. Child, 1985;
139(7): 698-700.

H. Information about dosage forms used:

Solution

I. Information about strength:

20mg

J. Information about route of administration:

Oral or Intravenous

IL Stability data:

L. Formulations:

M. Miscellaneous Information:
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CERTIFICATE “OF ANALYSIS
---------- -------------

PRODUCT: CAFFEINE, CITRATED POWDER.
RELEASE #: 103025 LOT # :B61087D17

SPECIFICATIONS
------------ --

1. DESCRIPTION ,<WHITE POWDER ~

2. Identification To pass b2St

3. Loss on

4. Residue

drying 5.0% max.

on ignition 0.1% max.

zjc./ycJ

& 5-37.s

GRADE:PURIFIED
CODE:R60938, 60452

RESULT
------

CONFORMS

passes test

0.025%

<10 ppm

CONFORMS

5. Heavy metals 15 ppm max.

6. Readily carbonizable To pass test
substances

7. Assay ( caffeine ) 48.0 - 52.0% 49.5%

Assay ( citric acid ) 48.0 - 52.0% 50.5% 17

ATTENTION: TONY HATCHETT /

Date :10/21/97

10700

our Order #

Prepared by : J .PA!Z’EL

Approved 7
238780 Your PQ # 54210

/

‘—–’+EABOVETEST RESULTSHAVEBEEN OBTAINEDBYOUR MANUFACTURE~UPPLIER AND/ORINOURQUAL~ CONTROLLABORATORY.
{EDATAISPROVIDED ATTHEREQUESTOF ANDFORTHECONVENIENCE OFTHECUSTOMER ANDDOESNOTRELIEVE THECUSTOMER

OFITS RESPONSIBILINTO VERl~~. THIS ANALYSIS IS NOTTOBECONSTRUED AS AWARRAN~, f=PRESSEDOR IMPLIED.

/..
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CHEMICAL NANE. :CAFFEINE

QUALITY CONTROL REPORT

CITRATED (PURIFIED I

MANUFACTURE LOT NO. :B61O87D17

PHYSICAL TEST

“usP /Bp /t4ERCK_/NF_/WT ._/CO. SPECS._.SPECIFICATION TEXT STANDARD. . ——

l)DESCRIPTION .:

W~ITE CRYSTALLINE,
./z

ODORLESS POWDER HAVING A SLIGHTLY BITTER, ACRID -

T-.

2)SOLUBILITY. :

SOLUBLE IN ABOUT 4 PARTS WARM WATER.

3)MELTING POINT.:

4)SPECIFIC GRAVITY. :—_

5)IDENTIFICATION .:

A)COMPLIEs (B) As PER NF loth 1955S

B)COMPLIES (C) As PER NF loth 19550

PASSES. :

COMMENTS .:

ANALYST SIGNATURE. :

PREPACK TEST.: DATE. :

RETEST .: DATE. :

FAILS. :

DATE .:

INITIAL. :

INITIAL. :
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CITY CHEMICAL -- CAFFEINE CITRATED Page 1 of 2

— CITY CHEMICAL -- CAFFEINE CITRATED
MATERIAL SAFETY DATA SHEET
NSN: 685000 F047602
Manufacturer’s CAGE: 8G949
Part No. Indicator: A
Part Number/Trade Name: CAFFEINE CITRATED
= .== . . . . = .=. . = .== . . =. = .= . . = . . . . ==. . . = . . . .= . == . . . . = . . = .= . . . =. = .= . . = .== .= . . . .

General Information
= .= . . ==. . .= =. = .= =. . =. = . . =. = === .= === . ====.= =. = .= =. . == . =. = .= . . . .= . . . . . . =. = .= =
Company’s Name: CITY CHEMICAL CO
Company’s Street: 100 HOBOKEN AVE
Company’s City: JERSEY CITY
Company’s State: NJ
Company’s Country: US
Company’s Zip Code: 07310-5000
Company’s Emerg Ph #: 201-653-6900
Company’s Info Ph #: 201-653-6900
Record No. For Safety Entry: 001
Tot Safety Entries This Stk#: 001
Status: SE
Date MSDS Prepared: 20Nov95
Safety Data Review Date: 01MAY96
Preparerrs Company: CITY CHEMICAL CO
Preparer’s St Or P. O. Box: 100 HOBOKEN AVE
Preparer’s City: JERSEY CITY
Preparer’s State: NJ
Preparer’s Zip Code: 07310-5000
MSDS Serial Number: BZDDY
Hazard Characteristic Code: N/
----.-...--—-------——--—— ..=== ===== ==.== .=.== .==== ==..= ===== =.==. ===== =====————-——------—------—---—

Ingredients/Identity Information
.=== .==. ==== .==. ==== ===. .=.= ==== ==.= .==. ==.= ==.= ==== ==== ==== ===. =..= ==== ===

Proprietary: NO
— Ingredient: CAFFEINE CITP.ATE, CITRIC ACID, COMPD. WITH CAFFEINE (1:1)

*96–1*
Ingredient Sequence Number: 01
NIOSH (RTECS) Number: EV6495400
CAS Number: 69-22-7
. . . . =.=. . . . . . . . . . . . . . ..= . . . . . ..= .=.. =.== ==.= --.--= ==.= ..== .=.= =.--= .=.= =.== .==

Physical/Chemical Characteristics
==== ===. ==== ===. ==== .=== ==.. ==== ==.= ===. ==.. ===. ==.= ==== ==== =.=. ==.= ===. ==.
Appearance And Odor: WHITE POWDER, ODORLESS
Volubility In Water: COMPLETE
..== ==.= ==== ==.= =.== ==== =.== ==.= =.== ==.= =.== ==.= ==== .=== =.== ==== =.== ==.= ===

Fire and Explosion Hazard Data
=-—--- .==== —-------------------— ===== ===-——----—-- .=——-—--—-—-----— --------

Extinguishing Media: WATERSPRAY, C02/DRY POWDER
Special Fire Fighting Proc: WEAR FULL PROTECTIVE CLOTHING & NIOSH APPROVED
SCBA W/FULL FACEPIECE OPERATED IN THE PRESSURE DEMAND/OTHER POSITIVE
PRESSURE MODE.
Unusual Fire And Expl Hazrds: FIRE IS POSSIBLE AT ELEVATED TEMPS/BY
CONTACT W/AN IGNITION SOURCE, FINE DUST DISPERSED IN AIR IN SUFFICIENT
CONCENTRATIONS IS A POTENTIAL DUST EXPLOSION.
.===-—--—— = --——---——-.---—--—----——--=—----——----— . .= == -----—-----—---.====

Reactivity Data
.=== ==== .=== .=== . ..= =.== .=== =.== .=.= =.== ==.= =..= .=== =.== .=== =.== .==. =.== .==
Stability: YES
Cond To Avoid (Stability) : HEAT, IGNITION SOURCE
Hazardous Decomp Products: WHEN HEATED: EMITS TOXIC OXIDES OF NITROGEN &
CARBON.
Hazardous Poly Occur: NO
.==== ===.= .=..= ===.= ..=== =.==. ===.. ===== ====. ===== ===== .==.= ===.= =.=.= =.===

Health Hazard Data
==== ==== ==== --———--——---——=-————==———---——--———-.=== .--——----——--——--- .=== =

LD50-LC50 Mixture: ORAL LD50 (RAT) : 192 MG/KG CAFFEINE
_—_ Route Of Entry - Inhalation: YES

Route Of Entry – Skin: NO
Route Of Entry - Ingestion: YES
Health Haz Acute And Chronic: INHALATION: MILD IRRITATION TO THE
HARMFUL, MAY CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE
MECHANICAL IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN.
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Carcinogenicity - NTP: NO
Carclnogenicity - IARC: NO
Carcinogenicity - OSHA: NO
Explanation Carcinogenicity: NONE
Signs/Symptoms Of Overexp: IRRITATION, WAKEFULNESS, NAUSEA, RINGING IN
EARS, MILD EXCITEMENT, PALPITATIONS, CONVULSIONS.
INDUCE VOMITING IMMEDIATELY BY GIVING 2 GLASSES OF WATER & STICKING FINGER
WASH AREA W/SOAP 6 WATER. EYES: WASH W/PLENTY OF WATER FOR 15 MINS. OBTAIN
MEDICAL ATTENTION IN ALL CASES.
. .= =. . =. = .= =. = .== .= =. . ====== . ==. ==== ..= =. = .= . . ==. = .= == = .= =. = .= =. . . . = . . ==== .=

Precautions for Safe Handling and Use
.=.=. . . . . . .==== =...= =.=== . ..=. .===. .=..= ==.=. .=.=. .=..= . ..== .=..= =..=. . . . . .

Steps If Matl Released/Spill: REMOVE SOURCES OF IGNITION. VENTILATE AREA
OF LEAK. CLEAN UP PERSONNEL MAY REQUIRE PROTECTION FROM DUST. CLEAN UP AREA
THAT DOESN’T DISPERSE DUST INTO THE AIR. USE NON-SPARKING TOOLS. PICK UP
FOR RECOVERY/DISPOSAL & PLACE IN A CLOSED CONTAINER.
Waste Disposal Method: RECOVERY MAY BE BURNED IN AN APPROVED INCINERATOR/
DISPOSED IN AN APPROVED WASTE FACILITY IAW/FEDERAL, STATE & LOCAL
REGULATIONS.
Precautions-Handling/Storing: KEEP IN A TIGHTLY CLOSED CONTAINER. STORE IN
A COOL, DRY VENTILATED AREA AWAY FROM SOURCES OF HEAT/IGNITION. PROTECT
AGAINST PHYSICAL DAMAGE.
Other Precautions: CONTACT LENSES SHOULDN’T BE WORN WHEN WORKING W/THIS
MATERIAL .
.==.= ===.. ..==. ===_-= ==.== .==.= ===== ..=== =.==. .==== =..== ===== =..=. .===. .==.=

Control Measures
. ..=.. . ..==== . . . . . . .==..=. .=.=.= . . . . . . . . . . . . . . . . . . . . ...= . . . . . . . . . . . . .=.==. .

Respiratory Protection: WHERE EXPOSURE TO THE DUST IS APPARENT, A DUST/
MIST RESPIRATOR MAY BE WORN. FOR EMERGENCIES, A SCBA MAY BE NECESSARY.
Ventilation: LOCAL EXHAUST TO PREVENT DISPERSION OF THE CONTAMINANT INTO
THE WORKROOMAIR.
Protective Gloves: PROTECTIVE
Eye Protection: CHEMICAL SAFETY GOGGLES
Other Protective Equipment: CLEAN BODY COVERING CLOTHING, EYE WASH
FOUNTAIN & QUICK DRENCH FACILITIES.
=..=.= . . . . . . == . . . . . ...=. .=.=== ==..== =.==.. .=..=.== .=..====. =.=... ===... ====.-—.

Transportation Data
=.=. =..= ==.= ===. =.=. ==.= ==== ==== .=== ==== ==== ==== ==== ==== ==== ========= ==== ===
—-——.--—--——-------—.-----------.—---- ==.= =.._- =_-.= =.=_- ===. .==. _-=.. ===. ..=. .—------—----—---—--—----—

Disposal Data
--—---—------—---—- .=-— ----- .=== .=== ===. ==.= ===. ==.= ===. =.== .==. ==.. ==== ===—-———--——-——--—----
=.===. =...== .====. ==.=.. ==.=.= =.==.= ====== ======= ====== ======= ==============

Label Data
----—-------------------— .==== .==.= ===.= ..==. ====. ===.= ==..= ===.= ===.= ..==._——.._--_---_—-_— --------
Label Required: YES
Label Status: G
Common Name: CAFFEINE CITRATED
Special Hazard Precautions: INHALATION: MILD IRRITATION TO THE RESPIRATORY
TRACT & MAY BE A ROUTE OF ABSORPTION BY THE BODY. INGESTION: HARMFUL, MAY
cAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE MECHANICAL
IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN. IRRITATION,
WAKEFULNESS, NAUSEA, RINGING IN EARS, MILD EXCITEME~, PWPITATIONS,
CONVULSIONS .
Label Name: CITY CHEMICAL CO
Label Street: 100 HOBOKEN AVE
Label City: JERSEY CITY
Label State: NJ
Label Zip Code: 07310-5000
Label Country: US
Label Emergency Number: 201-653-6900

——.



NATIONAL FORMULARYXl Caffei-63

packaging and storage—Pr~erve Butyl Ami-
nobenzoate m well-closed Contamera.

C.iTEGORY—LOCal mesthetic.

BUTYLCHLORIDE
n-Butyl Chloride

CHJCH,),CH,C1
c,H,C1 ~101. wt. 92.57

13utyl Chloride contains not less than 99
~r rent Of CJI.3C1.

C(ltdion: BIItyl Chloride is venJf?amn!ab/e.
DO not use trhere it may be ignited.

Description—ButYl. Cplorjde OCW~S *S a
dear{ colorless, ,volatde kquld,, havinK a char-
wtenst]~-nonresidual odor. It 1? Flamm:ible.

Solubdlty—llutyl Chloride w insolub[e in
water, but is mlsclble with dehydrated alcohol md
fith ether.

Identification-To 20 ml. of Butyl Chloride
~d 5 ml. of sdlum hydroxide solution (1 in 20),
mixwell, and b:d unlier a reflux condenser for 1
hour: the remdue responds to the tests for
Chforide,page 433

Specific gravity—The specific gravity of
Buty[ Chloride is not less than 08S0 and not
more than 0.S85.

Distilling range, page 413—Butyl Chloride
distils between 77” and 79”.
?,Acidity-Transfer 35 ml. of But yl Chloride to
s separator, add 35 ml. of freshly boiled and
cooled water, shake for 3 minutes, allow the
rnkture to separate, and coUect the water layer
ina suitable container. To 25m1. of this layer
add a few drops of phenolphthalein T.S. and
titrate w,ith 0.02 Naodium hydroxide to a pink
color that persists for30 seconds: not more than
0.1 ml. of 0.02 N sodium hydroxide is required
for neutralization. f%ve the remaining 10 ml.
of the water layer for use in the test for Chkn-ide.

Nonvolatile residue—Evaporate 10 ml. of
Butyl Chloride in a tared porcelain dish on a
tiarn bath and dry at 105° for 1 hour: tbe
wei htof the residue does not exceed 1 mg.

C!doride, page 414—A lo-ml. portion of the
s~eoua layer pre ared for the test for .4a”dit?/

ffiows no more ch oriole than corresponds to 0.1
d. of O.O2 N hydrochloric acid, (7 parts per
million).

haay—Placea bout 1.5 ml. of Butyl Chloride
M a tared, glasa-stoppered flask, and wei~tr
Mcurately. Add 50.0 ml. of 0.5 N alcoholic

~~or30 minutes. C!ool, addafew dropsof
ium hydroxide, and reflwx on a steam

heno[ bthalein T.S. and titrate with 0.5 N
~yrboc~loric acid. Perform ab[ankdetermina-
~on with tbe same quantities of the same reagents
mdin the same manner (see Resided Titrations,
l!%e 458). Each ml. of 0.5 N alcoholic rmtaa-
rnrlm hvdroxide consumed is equivalent to
‘.29 mg. of C,H,Cl.

packaging and storage—Preserve Butyl Chb
ride in well-closed, light-resistant containers,
remote from fire.

CM’moFW—Anthelmintic (veterinary).
USU.ALDosE—(13ssed on the weight of the

mimai)-Horses, 15 to 90 ml. Dogs, 1 to 24
ml.

CITRATED CAFFEINE

Citrated Caffeine is a mixture of caffeine
and citric acid containing, when dried at 800
for 4 hours, not less tlxm 4S per cent and not
more than ,52 per cent of anhydrous caffeine
(C*H,,A-,L), tind not less than 43 per cent
and not more than 52 per cent of anhydrous
citric acid (CSH507), The sum of the percent-
ages of anhycfrous caffeine and mhydrous
citric acid is not less than 98.5 and not more
than 101.

Description—Citrated Caffeine occurs as a
white, odorless powder, having a slightly bitter,
acid taste. Its solutions are acid to litmus.

Volubility-Qne Gm. of Citrated Caffeine dis-
solves in 4 mL of warm water. On diluting the
solution with an equal volume of water, a por-
tion of the caffeine gradually separates, but redis-
adves on the further addition of water.

Ident ification—
A: Dissolve about 20 mg. of Citrated

Caffeine in 1 ml. of hydrochloric acid in a por-
celain dish, add 100 mg. of potassium chlorate,
and evaporate to dryness on a steam bath. In-
vert the dish over a vessel containing a few drops
of ammonia TS.: the residue acquires a pur Ie

solution of a tixelalkali.
1’color, which disa pears upon the addition o a

B: Dissolve about 100 mg. of Citrated
CMeine in 10 ml. of water, and add 1 ml. of
calcium chloride T.S. and 3 dro s of bromothy-
mol blue T.S. J.4dd 0.1 N so mm hydroxide,
drop by drop, until the color of the solution just
changes to a clear blue, then boil the solution
gently for 3 minutes, agitating it gently during
the heating period: a white, crystalline precipi-
tate appears in the liquid.

C: Add 1 ml. of mercuric sulfate T.S. to 5
ml. of a solution of Citmted Caffeine (1 in 100),
heat the mixture to boiling, and add 1 ml. of
potassium permanganate T. S.: a white precipi-
tate appears.

D: The residue obtained in the Assay jor
ca.flw”rre, when recrystallized from hot water and
dried at 80° for 4 hours, melts between 235° and
237.5”, page 438.

Loss on drying, page 437—Dry Citrated Caf-
feine at 80° for 4 hours: it loses not more than .5
per cent of its weight.

Residue on ignition, page 448-Citrated Caf-
feine vields not more than 0.1 Der cent of residue
on igriition.

Heavy metals, Page 430—Dissolve 1 C‘. of
Citrated Caffeine m 15 ml. of water, and dilute
to 25 ml.: the heavy metals limit for Citrated
Caffeine is 15 parts per million.
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Readily carbonizable substances, page 447—
Heat a mixture of 250 m . of Cltmted Caffeine

+and 5 ml. of sulfuric acid .S. in a porcelain dish
on a steam bath for 15 minutes, protecting it
from dust: the color is not darker than that of
Matching Fluid K.

Assay for caffeine-Accurately weigh about 1
Gm. of Citmted Caffeine, previously dried at
80” for 4 hours, and dissolve itin 10 ml. of hot
water. Add 8 ML of sodium hydroxide T. S.,
cool the solution, and shake it in a separator with
three or more successive portions of 20 ml. each
of c~oroforrn to effect complete extraction of the
caffeine. Filter the combined chloroform SOhJ-
tiona through a small filter, previously moistened
with chloroform, into a tared dish. Wash the
stem of the separator, the filter, and the funnel
with 10 ml. of hot chloroform, adding the waah-

8
in s to the dish: and evaporate the combined
c oroform solutlons on a steam bath, adding 2
MI. of alcohol just before the last trace of chloro-
form is expelled. Complete the evaporation of
the solvent, and dry the residue, consisting of
CSH1ON.OZ,at 60° for 4 hours and weigh.

Assay for citric acid—Weigh accurately about
400 mg. of Citrated Caffeine, previously dried at
80° for 4 hours, and dissolve i! in 25 ml. of water.
Add 3 dro of phenolphthalem T. S., and titrate

P“with 0.1 sochum hydroxide to a faint pink color.
Each ml. of 0.1 N sodium hydroxide is equiva-
lent to 6.404 Mg. Of C6H807.

Packagfng and storage—Preserve Citrated
Caffeine in tight containers.

CATEGORY__CentIYd StiIUldant.
USUALDOSl?-300 mg.

CitratedCaffeineTabtets

Citrated Caffeine Tablets yield an amount
of anhydrous caffeine (C8H;ON402) not 1=

than 45 per cent and not more than 55 per
cent of the labeled amount of titrated caffeine.

Identification-Cltrated Caffeine Tablets re-
snond to the Itiiii.cation test-s under Citrated
~affeine, page 63. “

Disintegration, page 455—The disintegration
time limit for Citrated Caffeine Tablets is 30
minutes.

Weight variation, page 468-Citrated caffeine
Tablets meet the requirements of the weight
variation test for tablets.

Assay-Weigh and finely powder not less
than 20 Cltrated Caffeine Tablets. Transfer an
accurately weighed portion of the powder,
equivalent to about 500 mg. of titrated caffeine,
to a separator, and dissolve it, as completely as
possible, in IO ml. of water. Add 1 drop of
phenolp~ thalein T. S., and sodium hydroxide T.S.
until a permanent pink color is produced. Ex-
tract the caffeine comtietelv from the mixture
with successive portions of chloroform, pass each
portion through a filter which has been previously

!NATIONAL FORMULARY it.

fmoistened with chloroform, md wash the stem ~
of the funnel and the filter with a few ml. of ho~”
chloroform. Evaporate the filtrate on a stea&
bath, adding 2 ml. of alcohol just before tht$
chloroform is all evaporated, ?nd dry the residuee
at 60° for 4 hours.

‘he ‘ve’~ht ‘f ‘es~due ‘itained represents the yieid of JI,ON,O?
Packaging and storage—Preserve Cltrated

Caffeine Tablets in tight containers.
@Tablets available—Cltrated Caffeine Tableti

usually available contain the following amoun “
of titrated caffeine: 60 and 120 mg. 4

1CATEGORY and DosE-%ee Citmted Caffeine

t

.,.

CALAMINE OINTMENT ‘J“~.
Turner’s Cerate <, :.

Calamine . . . . . . . . . . . . . . . . . . . . . . . . . 170 (%?’
Yellow Wax . . . . . . . . . . . . . . . . . . . . . . 40 G$=.
Wool Fat . . . . . . . . . . . . . . . . . . . . . . . .
Petrolatum . . . . . . . . . . . . . . . . . . . . . . . 7$: :%?

To make . . . . . . . . . . . . . . . . . . . . . 1000 G&”’

Melt the yellow wax with the wool fat a$~i
petrolatum and mix the calamine thoroughly

$

with the melted mixture to produce a smoo
homogeneous ointment.

r

Packaging and storage—Preserwe Calamin%!
Ointment in tight containers and avoid Drolonmd
exposure to temperatures above 30”. “

CAmmom-Astringent protestant.

CALCIUM AMINOSALICYLATE
Calcium Para-aminosalicylate

~.a%], ca3H@

C,,H,,CaN,063H20

Calcium Aminosalicylate co
than 98 per cent of c14H12(hhT206, calculat
on the anhydrous basis.

Caution: Prepare solutions of Calm-u
Aminosalicylate m“thin 24 how-s of adminis~
twn. Under no circumstances use a solut~
its color i.s darker than that of a
solution.

Description—Calcium .Arnhosalicylate occu@
as white to cream-colored crystals or powd~~
It is odorless and has an alkaline, siightly bitt%+
sweet taste. It is somewhat hygmscopic. ?#
solutions decompose slowly and darken in colox~

#
.



----
- .@Hydc& @A~IW.

~ Monohydrate: Co ffemum Ilonohydncurn
, Arf3,.H,0=2! 2.2

s~&evas: ;n AUSC..&lg.. 8<. Chin., Eur., FL G., ht. IL.

@r., lbrt, $WISS,and US. Some pharmacopoeias include
I#IS and caffe!ne hydrate under one monograph,
,~ads of ph. ~ur. apply to those countrtes that am par.
~&e ConventIon on the Elabomc(on of a European Phar.

-~,a. seePxlll.

+e~ ~1~~ white crystals, usually ~U~ togecber,or a
~cqstafline powder. It effloresces m au and subhmes

lily.
~rrbifitk% am: spar’ing]y soluble in water, freely soluble
~iing water md in ch@rOfO~: slightly sOluble in ~cOhOl
I in ether. h dissolves m concentrated solutions of aik=[i
~we~or$~icylates, USPsolubili[ies resoluble 1 in50

_~r, iin750fdcohol, lhr60fchlarofom. mdlin600
~~r. Solutions in water we neutral to litmus. Store in air-
* CorJmillers.

~bifisv. References to the stabiliry of caffeine and caffeine

,: ?%$~,Mc,c{,d. Stability of caffeine inJectlOnin in1rN7Cf10U5
$ ~~mmi.tums and Parenlcral nutrition solul!ons. DICP ,AnnPhw.

_ther 1989;23:4667.
~ Jfqkin C, efal. Stability study of@Teme ciua(e. BrJ.%ImI

~~-P,~r19~:12: 133
$Oonnelly RF,Tirona RG. S1zbllily ofcitraled caffeine inJecta.
~. bksolution m glaS$VIIIS.AmJ Hosp Pharm 1994:51:512-14.

~erse Effects, Treatment, and Precau-
tions
~ for Theophylline, p.1657.
~longed high intake of caffeine may lead to toler-

__meto some of the ph~macological actions and
-ysical signs of withdrawal including irritability,
hrgy,andheadache may occur if intake isdis-

‘ ~ptsfinued abrtcptly.

Gerhmslreferences.
k WillsS. Drugs and subwance mls.% caffeine. Pharm J 1994.

52:S224.
..- on mental function. A report of 6 cases of exces-

sive daydrrre sleepiness associated with high ctieitre intake.’
1. ScgesteinQR. Pathotog,c sleepiness md.ced by caffeine. AmJ

II:, arcd 1989;87:586-8.
tktrcr-oesophageal r.eflux disease. ‘f%eophylline &riv-
Xivcsiend to relax dre Iowereesophageal spbinc!er and in-
X gastric acid secretion. For a report of incrsased gaacro-
~phaged reflux in neonates receiving ctieine, see Gascro-
~phageal Reflux Disease under Precautions in Theophyl-
firre,P.1659.

htenetions. Caffeine is extensively metabolised primacdy

I
by microsomal enzymes in the liver. Clearance is drerefore

,: bbject to intemctio”s, in a similar manner to theophyltine
: p. 1659). Smoking, and drugs such M phenyloin which

$. kkiuce he~atic ~lcroso~l metabolism result in ~ incm~
M caHei”~ CleManCe, ~d dregs such as oraf contraceptives
fsduce The rate of ~leamcrce by inhibiting caffeine memb~
b. For ficrrlwr discussion on individual drug interactions
Withcaffeine, see Mow,

4COHOL In a study of g hea]tfry subjec!s given afcohol by
IOO!Xhin a doSe of 2,2 mL per kg body-weight, caffeine
IW mg by ~o”th did not ~“~gOniSe the centmf effects of af-
COkl and, inStead, ~ Sy”e%lstic interaction occurred which
hlrtber increased ~ea~[lO” time. TJEc common practice of
&inking COffee~fter dri~”g ~cohol in order to sober up is

~ suPported by these results.r
1. ohme DJ RoEem y, [n,emctions of alcohol and caffe~neon

h“llla”,C=ct,on~ime,/fvia, space En,,j.o” bftyj [983;54528-
34.

~ ~TIARRHTTHMICSI“ 7 hea]rhy wbjecta and 5 patientS WiCh
:! ~tinc urhythmias. rnexi{erine in a single dose Of ?W mg

~ a dose ,If ~~ ~g dally ~cspc~lvely, &uced the elimina-..
E- ~ Of c~ffei”e by 30 tO 50%,1 Lig”O~amc, jkCc71nkfe, 7UY.i

I - ~ainide had “o ~ffect cm ctifeine elimination in healthy Wb_
Jms.1

~,, ‘ ‘Nrcs R. R hIC rer E. !%Scx31cuncand caffetnc elimtnatmn. .V
%1 J Med 1987:317:117.

~ ~TIBACTERIAL$Caffeine elimination half-life baa been I_C-
*. ~d tO ~ increa~~ ad ~lea~ce d~re~d by the con-

comitant admi iristmtion of c@@fo.x4cIn,‘-’ aoxacti,z’ and
piperrridic acid;23 fomeJ70xacin.4 nory’fo.racin,z,’ and
ojJoxacinl.3 had Iittle or no effect on these parameters.
Enoxacin had the ‘greatest inhibitory effect on coffeine clear-
~ce.u

1. He.dy OP,ef al. Intcractwn betweenoral cipcotloxacinandcaf-
f.ane m normal volunteers. Antumcrob A#enrs Cltemother
1989; 33:474-8.

2. Harder S, e! o). Ciprofloxacm-caffeme: a drug in[eract!ones-
mbltshcd using in vivo and m vitro mvesuganons. Am J Med
!989; 87 (Suppl 5A): S9-91S.

3. Bamctt G. et uI. Pharmac?kimOc de!crrninationof relative PO-
tency of quinolone inhibmon of catfeme dlspasition. Eur J Clin
Pharnacol I!’Xl 39:63-9.

4. Hmly DP. tit al. Lack of interaction between Iomctloxacinxnd
caffe!nc m normal volunteers. An[imtcmb A#cnn Chmnothcr
1991:35660-L

ANTIEPILEPTICS.‘fhe mean cleacmrce of caffeine was incretsed
md its half-life decremed in epileptic patients taking #tenv-
roin compared with frdthy controls, resulting in lower plas-
ma-caffeme concentmtions. Treatment with carbama:cpine
or vrdpmic acid had rra effccr on tbe pbarrrmcokinetics of caf-
feine. t
1. Wicchoitz H. er al. EffecIs of phenyloin. Ciirbamaze pine,and

valpm,c acid on caffeine metabdtsm. Eur J Clin Phornwcol
I9a9: 36:401-6.

ANTIFUNGAti.In a single-dose smdy inheakthysubjscts, rer-
b;nofine 500 mg by mouth decreased the clearance arrd in-
cremd the elimmmion haff-life of ca.tTeine3 mg per kg body-
wei gbt given intravenously. Kerocorrazole 400 mg by moudr
did not prolong the elimination of catleioe to a significant ex-
tent. (
1. W*hllinder A. P.aumgwrncrG. Effect ofkctoconazok md ler-

bmatinc on [h? ohmmacoki~fics Of caffei~ tn healthy ‘Otun-
mers. Eur J Chn Pharnwcol 1989; 3> 27%33.

ANTIGOUTAGENTS.fn a study in ~ heaffhy subjects. Urepkrsrrm
half-life of caffeine was essentially unchanged by 7 days’
treatment witfr a[lopun”md 300mgor 6(M3mg daily by mouth.
However, dlopurinol caused a spstific, dose-dependent inhi-
bition of the conversion of I-methylxantine to l-methyluric
acid.1
1. Gran! DM. et al. Effectof d[opurmrd on caffeine dispomion m

man. .SrJ Clin Phannocol !986: 21: 4%8.

GA5TR0INTESTINALAGENTS.Cimetidirre ! g til]y by rr30UfhK-
duced rhe systemic clearance of caffeine and prolonged ifs
eli mirmtion half-life in 5 hdthy subjects. Although the
steldy-state plasma-caffeine concentration would increaae by
approximately 70%. it waa thought unlikely that this would
produce adverse clinical effects.’
1. Broughton LJ. Rogcm HJ. Oecrmscd syswmlc clearance of

caffemc due IOcimendine. BrJ Ch. Phannacoi 198 I: 121 S5-
9.

IOROCImMIDEIn 4 healthy subjects, idrocibunide inhibited the
biowansformxtion of caffeine and increased its half-life 9
times. Partial or toml avoidance of catTeine-ccmtining pmd-
ucrs was recommended when klrccilamide was being taken. t
1. J3mzrerIL. <rd. lnhibinon by Idrucilamidc of Ihe disposition

of caffeine. Eur J CJin Phannacol 1980.17:37-$3.

OnALCONTRACEPTIVESme clearance of caffeine haa becm re-
ported to be reduced and its elimination fsaWJife increased in
women tsking orak contraceptives.’2 This interaction ~~
thought to be due m impairment of hepatic metabolism of caf-
feine by sex hormones and could result in irrcrcased accumu-
lation of caffeine.
1. Patwardhan RV,et af. Impaired elimination of caffeine by oral

conrmccpuve steroids. J bb Clin Med !980: 95: 603-S.
Z. Mcmefhy DR. TcxkdEL. Impairment of caffemc clearance by

chronic use of Iow-dow c.tstrogen+ontam!ng oral conh_accp-
tives. Eur J Cli. Pharmacol 1985; 2S: 425-8.

5YMPATHOMIMETIC5,Admimstmiion Of Caffeik @) mg Widt
phenylpmpanofamine 75 mg, borh given orakly as cmrtroOed-
releasc prepamtions. produced greater pbmma-caffeine cOn-
centmtiorrs m heakfry subjects than administmtion of catTeine
alone. Greater increases in blood pressure mrd mors reports of
physical side-effects wcurred after tie combination than after
either drug alone. !
1. Lake CR, c! af. Flwnyfpmpanolamme increases plasma caf-

feine Icvck. Cli. Pharm.col ‘Tfwr 19W 47:675-85.

THEOPHYLLINE.For the effect of caffeine on the metabolism

and elimination of theophylline, aee under Interactions in
‘T3reophylline. p. 166[.

Overrfosage. Rcporcsand reviews of caffeine toxicity.
1. Kulkami PB, Dormd RD. Caffeine toxtcity in a neonate. Pcdi-

arrics 1979; 64254-5.
1, Banner W, CzaJkaPA. Acule caffeine overdose in the neonate.

AmJ Di$ Chdd 1980:134:495-8.
3. Zimmerman PM, e-r01. CLffeine inomicatton: a near fmali[y.

Ann Emerg Mcd 1985, 14: !227-9.
4 Dalvi RR. Acute and chmnnctoxic,ty of caffcim: a review. Vet

Hum ToxICO/1986:28: t44-50.

Pregnancy and the neonate. In the USA. the Food and
Dmg Adminisrmdon has ~dvised pregnant women ro limit
their inrake of caffeine and caffeine-containing bevernges to a
minimum, but rhk recommendation was based largely on an-
imal studies and the effect of caffeine on tie bummt fmcus
and foetal loss during pregnancy is conrroveraicd. 1Although

Cklrllllyllllle I l~ui Uclll”! IUs, -... !----- . _-

one recent sNciy found no evidence that moderate ctieine use
(less than 3fX3mg tiny) increased tfre risk of spontaneous
afmrtion,2 another study haa reported conflicting resuks3 lead-
ing one commentator to conclude that the safety of caffeine

consumption during pregnancy remains unresolved. t
1. Eskenm B. Caffeine during pregnancy: grounds for concern?

JAMA 1993:270: 2973-i.
2. Mills IL, el al. Modemlecaffeine use and the risk of $pommc.

om abortion and inmwlertne growth retard~tion. JAMA 1993:
269; 593-7.

3. lnfmle-Rtvard C, et al. Fecal loss tsmclated wirb caffe,ne u-
take before and during pregnancy.JAMA 1993, 270:2940-3.

For ~ comment on the inwkvisabitify of using caffeine and so-
dium benzoate injecticm in neonates becmrsc of the risk of ad-
verse effects associated with the benzoate component. see
under Scdum Benzoate, p. I I 18.

LAcTATtoNFor studies examining the transfer of catfeine into
breast milk and its consequences, see p. 1653 under Phamra-
cokitrencs.

Sport. The Intemationaf Olympic Committee has banned tbe
use of large amounts of cxt~eine by athletes but smaller
amounts, compatible with a moderate intake of coffee or soft
drinks, arc permitted. [ However, bmausc of the marked imer-
mdividusl varimion in urine-caffeine concentrations, even a
modest caffeine inmke equivalent to 3 to 6 CUPSof coffee dai-
ly, may give a urine concentration in excess of the permissible
limiL2
1. Anonymous. Drugs in the Olympics. .McdU(I Druys Thcr

198+s2S 63-6.
2. Birkcn DJ, MincrxJO. Caffcme renal clearance md urine caf-

feine concentralmns during smady stare dosing: tmpltc.wion5
for monitoring caffetne !ntake during spotls events. Br J Clin
P/tamtico/ 199 I; 31: 405-’s.

Wthdrawaf. Headache is J recogr.ised symptom of catTeine
widrdmwak and even subjects who drink moderate amocmrs of
coffee can develop headaches lasting I to 6 days when
switched to a decaffeinated brsnd. 1 [t has dso been suggesrecl
rhat postoperative hezcdxhe could be auributed to casfeine
withdrawal as fmting patients are required [O abstain from
drinking tea or coffee before surgical procedures. Several
stuJ!es:* hive found is positive mscciation between postop-
erative he~dache and daily caffeine consumption. although
drere have aJso been negative tindings?
1. van Dusseldorf M. Katan MB. Headache caused by ctffeme

withdrawalamong moderate coffee drinkers swuched from or-
dbwy to decaffeinatedcoffee: a 12week double blind Imal.Br
M/d J 199rl 31W 155S-9.

2. Gdledy DC. et aL Dues caffeine withdrawalcorimbme m POS.
mnaesrhclicmorbidny? bnrcl 1989:L 133S

3. WeocrJG. er al. Pcrtopwmive mgcstion of caffeine .mdpoNop-
ermive hdache. JAw C/in PI’OC1993: ~: W-5.

4. NikolajsmrL. cl 4f. Effect of prcviuus frequencyof hcadachc.
duration of faslmg and caffcme absnncrtce on peno~ralive
headache. Br J Anaexth 1994:7>195-7.

5. VcrhueffFH. MiOarJM. Dues caffeine contnbu!c 10postoper-
ative mortndity? Lunccr 199Q 336:632.

Pharmacokketics
Caffeine is absorbed readily after oral administra-
tion and is widely distributed throughout the body. It
is also absorbed through the skin. Absorption fol-
lowing rectal administration by suppository may be
slow and erratic. Absorption foIIowing intramusctr-
lar injection may be slower than after oral adminis-
tration. Caffeine passes readily into the central
nervous system and into saliva; low concentrations
are also present in breast milk. CaiTeine crosses the
placenta.

[n adults, caffeine is metabolised almost completely
in the liver via oxidation, demethylation, and
acetylation, and is excreted in the urine as I -methy-
luric acid, 1-methylxmtthine, 7-methyIxanthine,
1,7-dimethylxanthine (paraxanthine), 5-acetyiami-
no-6 -formylikmino-3 -methyluracil (AFMU), and
other metabolizes with only about 1% unchanged.
Neonates have a greatly reduced capacity to metab-
olise caffeine and it is largely excreted unchanged in
the urine until hepatic metabolism becomes signifi-
cantly developed, usualIy by about 6 months of age.
Elimination half-lives are approximately 3 to 6
hours in adults but may be in excess of 100 hours in
neonates.

Lactation. Stodics examining the mussfer of caffeine into
breaa[ milk atier doses of 35 [o 336 mg of caffeine by mouti
hove recorded peak matemal plasma concentrations of 2.4 to
4.7 $g per mL. peak matemd saliv~ concentrations of 1.2 to
~,~ ~g ~r ~L, ~d ~~ bream-milk COnCCnCIadOnSOf 1.4 ‘Q

7.2 #g per mL. At these concentrations m bremt mdk. the cal-
ctd~ted daily caffeine ingestion by breast-fed infants ranged
fmm 1.3 to 3. I mg, which wns not drought ro present a hu-

[
I

; b symbol t denotes a prcparatiorr no longer actively marketed



reducedwith complete abolition of apnoca in 6 infanta.
Plasma half-lives were very prolonged and ranged from
40.7 to 231.0 hours. Controlled trials were necessary to
establish the usefulness of caffeine.— J. V. Aranda er
al., J. Pediat., 1971, 90, 467. see also J. Am. med.
Ass.. 1976, 235. 693; T. R. Gunn el al.. J. Ptdiat..
1979,94, 106.

Dermatitis. In a doub[e-blind study in 28 paliertts with
atopic dermatitis the application for 3 weeks of a 30%
caffeine cream produced significantly greater benefit (in
terms of erythema. sealing, Iichenification. oozing, and
excoriation) than a placebo. It was considered that caf-
feine inereaaed theconeentrationa of cyclic AMP in the
skin.— R. J. Kaplan ef al. (letter), Archs Derm.. 1977,
113, 107. Seealso idem, 1978,114,60.

ffyperkirseric wares. Caffeine might bs a suitable alwr-
native to central nervous system stimulants for children
with hyperkirrctic states.— R. C. .schnackenberg, Arrr. J.
Psychial., 1973. /30, 796. See also C. C. Reichard and
S. T. Elder, Am. J. Psychiaf.. 1977, f34, 144. A con-
traryview.-C. L. Saeear, Am. J. Hosp. Pharm., 1978,
35, 544.

Proprietary Naaraea
No Ooz (Bristol, USA).

623-f

CasffeinemsdSotfiumBenzoate(8.p.C. /954). Caf-
fein. et sod. Berrz.: Coffeinumet Natrii Benzoa&Cof-
feinum-natrium Benzoicum.

CAS — 800&95-1.

Phormacopoeirrs. In Aust.. C.., Ger., Hung. ht.. It.,
Jap.. Jug., Me%.. Nerd.. Pot., Rounr.. Rus., Swiss. and
Turk. The specified raffeine content varirs from 38 to
52%.

A mixture of caffeine and sudum bcnzoale containing
47 to 50%of anhydroua caffeine. It is a white odourlesa
powder with a slightfy bitter taste. .Solubk 1 in about
1.2 of water and 1 in 30 of akoho~ slightly soluble in
chloroform. A solution in water haa a PH of 6.5 to 8.5.

Caffeine/Acepifylline 34 I

Eqsinal (Cuxson, Gcrrard, UK). Contains in each 5 ml
caffeine 115 mg and ammonium iodide 345 mg in infu-
sion of coffee.
ErspnirwVernade (Wilcox, UK). A solution containing in
each 5 ml anhydrous caffeine 155 mg, ammonium iedide
366 mg. [iquorice liquid extract 0.0175 ml, cherry-laurel
aqueous extraet (equivalent to hydrocyanic acid 27 pg)
0.027 ml. Dose. 5 ml in water once or twice daily before
meals.

625-n

Caffeine and Sodium %51icyfate(8.P.C. /949). Caf-
fein. et Sod. Salicyl.; Coffeinum et Natrii Salicyla$
Coffeinum-natrium Saiicyiicum.

CAS — 8002-8S-S.

Pharmac~ios. lu Atssl. (48 to 52%), Ger. (39 to
42%), fnf. (44 to 46%), Swiss (46.g to 48.6%), and
Turk. (44 to 46%).

A mixture of caffeine and sodium aalicylate containing
47 LO50% of anhydroua caffeine.
A white odourkaa amorphous powder or granular mass
with a titter saline taste. Soluble 1 in 2 of water and I
in 25 of alwhol. A 5.77% solution in water is iso-
oamotic with serum. Solutions are sterilissd by autoelav-
ing or hy filtration. hrcorsspatibk with mineral acids,
iron salts. iodine, salts of heavy metals, and tannin.
Store in airtight mntainers. protect from light.

Caffeine and scdium aalicylate was formerly used, by
subcutaneous injection as a 50% solution, as a cardiac
and respiratory stimulant and as a diure!ic.

626-hj/ F
Caff “ f3fxate (B.P. C’.-19J9. Caff.in. Cit.; C=
sco~tinumd L

c8H10N4%c6HS07 -386.

CAS — 69-.22-7.A 3.92% solution in waler ia iao-oam’otic with serum.

r
solutions are sterilk@ by aytoclsving or b? ~ltration. =Pframrezcqxwiar. In Ausr.. Hung.. Ind.. Roum.. and
fmromnatibk with mmmal acr&. iron salts, mdme, asks Srran. /
of hear~ metals, and tannin. Stors in airtight emtainera.
Proteet from tight.

Because of its ready volubility in water caffeine and
sodium benzoate has been employed for administration
of caffeine by injsetion. A 25% solution haa been used
subcutaneously as a cdiac and respiratory stimulant
and as a diuretic in dnsea of 120 to 300 mg.

Kernieterus. Sodium benzoate in caffeine and sodium
hcnzoate injection could unerrupk Mirubin from its
albumin binding sites, which might induce kemictema.
Such injections should be administered with caution, if
at all, to neonates with raised bilirubin cmrcentra[ions.—
D. Schiff et af., Pediarrits. 1971.48, 139.

Prepmations

CdTeine d Sndium Benzoate ksjectkoar (U.S.P.). A
sterile solution in Water for injection, pH 6,5 to 8.5.

A preparation emrtaining caffeine and sodium benzoate
was formerly marketed in Great Britain under the prop
rietary name Elixir Sisec ( Ke$fric).

624-d

Caffeine and Sodium Iodide (L?.P.C. 1968), Caffeirr.
and Sud. 106.; Iudoeaffeirrc.

A mixture of caffeine and sodium iodide containing 47
to 50% of anhydrous caffeine. [t ia a white odourkss
pnwder with a bitter saline taste. Sokrble I in 5 of
watefi partly soluble in alcohol. Incompatibk with mine-
ral acids. asks of heavy metals. and tannin. Store in
airtight containers.

Caffeine and sodium iodide has the toxic effects of caf-
feine (P.340) and of iodhse (p.862). It has been used as
a cardiac and respiratory stimulant and as a diuretic. It
is used for the relief of asthma. Doses of 120 to 600 mg
have been given.

Preparations
Caffeine Iudide Elixir (B.P.C. 1973). Caffeine 150 mg,
scdum iodide 450 mg, Iiquoricc liquid extract 0.3 ml,
chloroform 0.01 ml, dccoction prepared from a sufficient
quantity of recerrtiy ground roasted coffee of commerce
and water to 5 ml. Dose. 5 ml.

~.
A mit(ure of eaffeirre and citric acid containing 47 to
50% of anhydrous caffeine.
A white odourfesa powder with a bitter acid taste.
SoIrrbfa 1 in 4 of ho[ water, dissociating on further rtilu-
tion with the separation of caffeine on cooling which
redissolves in about 32 of waten soluble 1 in 25 of
alcohol. A solution in water is acid to litmus. hrcompat-
itsk with mixtures containing potassium iodide and
nitrous ether spirit. indkre behg Iiberatcd. Incompatible
with phenazone, sodium benzoate, sodium nitrite. and
sodium salicylate: caffeine, in half the dose of ea ffeine
citrate ordered, shoold be used for mixtures mntainin8
thess incompatible substaneez. Store in airtight contain-
ers.

Caffeine titrate has been used similarly to caffeine
(P.341) in doara of 120 to 600 mg.

627-m

Acepifyllke. Acefylline Piperazine; Piperazine
Theophyiline Ethanoate. Piperazirte bis(theophyl-
lin-7-ylacetate).
(CJI,0N,0,)Z,C4 H,0N2= 562.5.

CAS — 18833-[3-1.
A white odourlesa crystalline powder with a bi!-
ter taste. M.p. 260°. Freely soluble in waten
slightly soluble in alcohoi. A 107o solution in
water has a pH of about 7.

Adverse Effects, Treatment+ and Precautions. As
for Aminophylline, p.342. Acepifylline is con-
sidered to cause less nausea and gastric irritation
than amittophylline and is better tolerated by
intramuscular injection.

Uses. Acepifylline is a theophylline derivative
which is used similarly to aminophylline (see.. . .
p.344).
it may be given by mouth in doses of 0.5 to 1 g
thrice daiiy, by rectum as suppsitorics in doses
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)+anatal Therapy

34. S.M. was given aminophylline 6 mg (6 mg/kg of amino-
phylline, 4.8 mghcg theophylline) as an IV loading dose over
20 min. Maintenance doses of 1 mg Q 8 hr have been ordered.
Describe your pharmacotherapeutic monitoring plan for S.IM.
Include monitoring parameters for eftlcacy and toxicity and
duration of therapy.

The goal of methylxanthine therapy in the treatment of apnea

of prematurity is to decrease the number of episodes of apnefi and

bradycardia. Continuous rrtonitoring ofhemtr ateondrespiratory
rate is required for proper evaluation. The time. duration, and se-
verity of episodes; activity of the infant; and any necessary in[er-

ventiorr performed should be documented. Relationships be[ween

the apneic episodes and the feeding schedule and volume of feeds,

as well as the dosing schedule of theophylline (e.g., trough), should

be examined.
Apnea of prematurity usually resolves after 36 weeks postcon-

ceptional age; however, it may persist in some infants up to or

beyond 40weeks postconceptional age. *36Therefore, methylxan-

[hine therapy usualIy is discontinued at 35 to 37 weeks postcon-
ceptional age provided that the infant has not been having apneic

spells. 141Infants that require therapy for longer ~tiods of time

may be discharged home on methylxanthines with apnea monitors.

Toxicities noted in neonates include [achycardia, agitation, ir-

ritability, hyperglycemia, feeding intolerance, gastroesophageal re-

flux, and emesis or occasional spitting up of food. Tachycardia is

the most common toxicity and usually responds to a downward

adjustment of the theophylline dose. Tachycardia may persist for

one to three days after dosage reductions due to the decreased

elimination of theophylline-der-ived caffeine. Seizures also have

been reported with accidental overdoses. Methylxanthine toxicity

can beminimized witb careful dosing and appropriate monitoring

of serum concentrations. Serum theophylline concentrations
should be monitored72 hours after initiation of therapy or aftera

change in dosage, Serum concentrations of theophylline ako

should be measured if the infant experiences an increase in the

number of apneic episodes, signs or symptoms of toxicity, or a

significant increase in weight. In asymptomatic neonates, once

steady-state levels are obtained, theophylline concentrations may

be monitored every two weeks,

35. S.M. now is 3 weeks old (32 weeks postconceptional age)
and weighs 1100 gm. HIS septic work-up was negative. Cur-
rently S.M. has several apneic spells per day which respond to
tactile stimulation; his apneic episodes have not required ven-
tilator-y assistance. S.M. receives 1 mg aminophylline IV Q 8
hr and his trough theophylline level this morning was 5.7
pg/mL. The medical team is considering switching S.ivl.’s the-
ophylline therapy to caffeine because of possible improved ben-
efits. How does caffeine compare to theophylline with regard
to its pharmacokinetiq efficacy, and toxicity? What treatment
should be selected?

Pharmacokinetics. The plasma clearance of caffeine is consid-
erably lower and the half-life is extremely prolonged in the pre-

mature newborn (see Table 96.2). The low clearance is a reflection
of the decreased neonatal hepatic metabolism and a resultant de-

pendence of elimination on the slow urinary excretion. In the pre-
term neonate, the amount of caffeine excreted unchanged in the

urine is 8570, compwed to less than 2’?Lo in adults. Adult urinary

metabolize patterns are seen by seven to nine months of age, 154

The half-life or’ caffeine decreases with increasing postconcep-
tiona[ ageljs and plasma clearance reaches adult levels after 3 to

4S months of life. 156As a result of the maturauonal changes, doses

usually need to be adjusted after 38 weeks postconceptional age
and dosing intervals need to be shortened to eight hours after 50

Weeks postconceptional age. !s5

96-23

Efficacy, Toxiciiy, and Dosing. Comparative studies have found
similar efficacy for theophylline and caffeine in the control of ap-

nea of prematurity. ‘>TI= Ctiffeine. however. may have =d-
van[ages over theophylline including a wider therapeutic index.

Adverse effects such its tachycardia, CNS excitation, and feeding ~
intolerance are reported more frequently with theophylline than
with caffeine. The prolonged half-life of caffeine in premature ne-

[

$$’

onates results in less fluctuation in plasma concentrations and per-
/

mits the use of a 24-hour dosing interval. Since the half-life is

prolonged and dosing requirements do not change quickly over
time. caffeine serum concentrations can be monitored less fre- ,x y

quently=~ loading doses of 10 m@lc~ ~e base HQW~ ~.
mg/kg of caffeine=), followed by maintenance du e&.&15 ~

mglkg (5 mgikg caffeine citrate) given daily w~ in-plasma ti

caffeine concentrations in the therapeutic range (5 to 20 U-— ------ dmL .1w
Although infants who are unresponsive to theophylline may re-

spond to caffeine, ]sg S.M.’s theophylline therapy presently is not

optimized; his serum concentration is less than 6 pg/mL. S.M.

appears to have partially responded to theophylline and may ben-

efit from an increase in the dose with resultant therapeutic serum

concentrations. SM.’s aminophylline dose should be increased
to 1.5 mg every eight hours to achieve serum concentrations ot’

around 8 @mL. Although caffeine may have several advantages
over theophylline, the IV product marketed in the U.S. is only

available m the sodium benzoate salt. Benzoic acid has been as-

sociated with the gasping syndrome and also may displace bilirubin
from albumin binding sites,3435 Because of these toxicities, caf-

feine sodium benzoate should not be used in neonates. It is pos-

sible, however, to compound an acceptable [V and oral caffeine
preparation. !m As for any compounded injectable preparation.

quality control must be done to assure sterility, stability, _and lack

of pyrogen contamination. If the hospital currently is not com-

pounding an W caffeine product, it could take months to institute
quality control measures.

O?her Agents
36. S.,M.’S dose of theophylline has been optimized and the-

ophylline serum concentrations now are 12.4 pg/mL. S.IM.con-
tinues to have apneic episodes. What other pharmacologic
agents can be used?

Doxapram, an analeptic agent, has been shown to be as effective
as theophylline for the treatment of apnea of prematurity. [G1.162

Due to the limited number of investigations and uncertain side

effects, however, the use of doxapram should be restricted to pa-
tients who are refractory to methylxanthine therapy. ‘a In addition,

the IV preparation commercially available in the U.S. contains

0.9% benzyl alcohol and should be used with caution, Although

doses are not well defined, a loading dose of 2.5 to 3 mg/kg given
IV over 15 to 30 minutes followed by a 1 mg/kg/trour continuous
infusion has been recommended. ‘~.163 Doses may be increased

by 0.5 mg/kg/hour increments to a maximum” dose of 2.5

mglkgilrour. [~~ Lower doses have been used in infants receiving

concomitant methylxanthine therapy with approximately 5070 re-

sponding to IV doxapram doses of 0.5 mg/kg/hour.’~ A few stud-
ies have administered doxapram enterally; however, bioavailability
in preterm newborns is not yet welI defined. ‘U165 Side effects
associated with doxapram include: increased blood pressure (usu-
ally with doses >1.5 mc@k@rour);lw GI disturbances such as ab-
dominal distension, regurgitation, increased gastric residuals, and
vomiting: and CNS adverse effects such m increased agitation,

excessive crying, jitteriness, irritability, disturbed sleep, and sei-
zures. Further studies of doxapram are needed in order to better
delineate its isdverse effects and to help define its safety and effi-

cacy for the treatment of apnea of prematurity,
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The purpose of our prospective randomized study was to compare the
effkacy of theophylline ethylenediamine and caffeine sodium citrate in the
treatment of idiopathic apnea in premature infants. Sixteen infants with
three or more severe apneic attac-ks were studied. Twenty-four-hour
cardiorespiratory recordings immediately before and after randomization
and four days later showed significant decreases of the apnea
frequency in bot~ rou~ 1, n = 8) and caffeine-treated
infants (group 2, n able side effects were observed, except
for tachycardia in one infant i@@up 1. W_~ rcww tWf5r prefeti”ng

ne in the control of idiotiathlc annea in x)remature

efficient and easier to “a~rnirii-$fe~’‘:
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Stability of titrated caffeine
solutions for injectable and enteral
use

MARION G. EISENBERG AND NANCY KANG

Am J Hosp Pharm. 1984,41 .2405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide.’ The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,

‘--vides 10 mg active caffeine base per milliliter of
~tion. The procedure uses bactenostatic water to

dissolve the titrated caffeine powder. Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
tenostatic water,2 we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparation for lrzjectable .!.lse. Citrated caffeine
powder (purified, Mallinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, USP, 250 ml. The solution was transferred
into a 500-ml empty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark. The solution was
filtered througha 0.22-~m filter set into another
5f)0-ml EEC. The solution was then transferred into
sterile 10-ml empty vials.

The vials containing the injectable titrated caf-
feine solution were autoclave at 121 “C for 15
minutes and allowed to cool. Each vial was labeled
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and sealed with an IVA seal (U.S. Clinical Products,
Richardson, TX 75083). One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stability
testing at time zero and at monthly intervals for four
months.

Preparation for Enteral Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cher~ symp in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent

to the laboratory for assay. Samples from the three
batches were taken on days 14, 30, 60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley.3 This method differentiates between caf-
feine peaks on the chromatogram and peaks made
by other methylxanthines such as theophylline and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internal standard (cwhy-
droxyethyl theoph ylline 15 Pg/ ml) in acetonitnle
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transferred to a clean test tube
and evaporated to dryness, The residue was dis-
solved in methanol 75 Kl, and 20 pl of the dissolved
sample was injected for the assay. The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard, Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was 290% of the original
intended concentration.

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of ~90% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf-life to 120 days.
Two batches that were run in duplicate confirmed
our initial results, A third enteral batch was run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the laboratory and the phar-
macy. No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 were obtained on day 120 because of the small
demand for the solution beyond the three-month
period.
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Notes Caffeine solutions

Table 1.

Caffeine Concentrations” (rnglml) In Injectable and
Enteral Solutions

Sampling

Day Solutii 1 Solution 2 Solution 3

0
30
60
90

120
Enteral

o
14
30
60
90

120

;0.2
9.9

10.2
9.2

9.5
10.1
10,4

9,7

10,0

9.9
9.7

11.0
9.1
9.6

&6
9.0

10.0
9.6
8.7

. . .

.,.

10,8
10.0
10.0
11,2
11.4
. . .

a Concentrations reflect average valueof each sample run; initial con-
centration was 10 mg/ml.

Tests for microbial growth were negative. Stefi~
testing is performed for each new lot of injectable
caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Conclusion. Extemporaneously prepared solu-
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.
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Pharmacist in paradise

CORDON G. MCCUIRE

Am J Hosp Pharm. 19S4, 412406-9

One of the numerous inducements for entering the
health profession is the idea that the universal need for
health care allows an almost unlimited choice of places in
which to practice. Unfortunately, opportunities to work
in exotic settings are extremely rare and finding a position
is more frequently a product of chance than of design.

This was true in my case. Practicing pharmacy on a
tropical island in the Pacific was mere fantasy: The reality
crept up on me. In the winter of 1979-80 while I was em-
ployed as a staff pharmacist at University of California-
San Diego Medical Center, I heard about a pharmacy
teaching position in Micronesia.

A Federal Health Manpower Development Grant had
been funded that called for a multidisciplinary training
program to be centered on Ponape in the Eastern CaroIine
Islands. It included a special provision from the National
Health Service Corps (NHSC) to have a group of health-
care professionals who could sene as on-site faculty. In
all, the NHSC agreed to provide six practitioners—an

GORDON G. MCGUIRE, PHARM, D., is a staff pharmacist, Uni-
versity of California-San Diego Medical Center, San Diego, CA
92103.

internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimately, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this exotic
adventure enthusiastically. My decision was finalized
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating my concern about
finding work when the adventure was over.

Island Living

The most dramatic realization my family and I made
living in Micronesia was how many modem conveniences
we took for granted living in California. Now, eve~ time
I turn on a light switch or a faucet, I marvel at how de-
pendable these things are in the United States. During one
three-month period in Ponape, we had electricity only
from midnight until 7 a.m. because of a series of break-
downs among the island’s electrical generators. Our
telephone number had only three digits, never worked
when it rained hard, and really was not very dependable
in good weather either. Water, although a bit more reliable
than electricity, was turned off every evening, making
showering, dishwashing, and toilet flushing impossible
after 8 p.m. Like the electricity, the water service also had
shutdowns; however, they frequently lasted only several
days.

2406 American Journal of Hospital Pharmacy Vol 41 Nov 1984



_-

—.

Cliarance ,Cehter “.

Comparative Efficacy of Theophylline and Caffeine in
Treatment of Idiopathic Apnea in Premature Infants
Christine Brouard, MD; Guy Moriette, MD; Isabelle Murat, MD; Bernard Flouvat, PharmD;

Nicole Pajot; Herv4 Walti, MD; Edurne de Gamarra, MD; Jean-Pierre Relier, MD
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snd sftsr rsndomfzstion snd four days
later showod sfmlbr slgnffksnt *
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Theophylline is widely used to con-
trol apnea in premature infants.’

Doses of theophylline must be chosen
carefully, and the semm theophylline
concentration must be monitored reg-
ularly to avoid theophylline toxicit y.z
This risk and the occurrence of trou-
blesome side effects in some cased
make the use of theophylline rather
problematical.

We have previously confirmed that
caffeine is also effective in controlling
apnea.’

The present study was designed to
compare the efficacy of both theophyl-
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de Gaman-a, and Relier and Ms Pajot), Hbpital
Port-Royal and the Laboratoire de lbxicologie,
Hdpital Ambroise Par+ (Dr Flouvat), Paris.

Reprint requesti to Service de W$decine N40-
natale, H6pital Port-Royal, 123 Boulevard de
Port-Royal, 75674 Paris Cedex 14, France (Dr
Morietti).
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line and caffeine in the treatment of
recurrent idiopathic apnea in prema-
ture infanta.

PAllENTS AND MEIHODS
Pstient Selecnon

Apneic apella in premature infhnta
tn?ated in our neonatal intensive cam unit
(Pbrt-Royal Hospital, Paria) were detected
during routine cardiorespiratory monitor-
ing. In those infknti with apneaj 24-hour
Cardioreapiratory recordings (Hewlett
Packard model 7825o A) enabled us to
identify severe apneic attacks, deilned as
ceaeation of breathing for more than 10 s,
with heart mte tN40w80 beata per minute
formore than30s or beloW60b4S per
minute for more than 15a.’

Inhnta with three or more severe apneic
attacks within this fh%t recording period,
which was cakd “day O,”were cmaidemd
for entry to the trial. Ifitawit138 known

cause of apnea and/or almond conditiom
other than apnea, however, were carehdly
excludedbefore mndornirstion. Tbus, the
following ahnortnalitiea were ruled out
respiratory distress ador bypoxe~
patent ductue arteriosuq anemia; meh-
Mic abnormalities (blood glucose con-
centration, <40 mg/dL; plasma calcium
level, <8 mg/dL; plasma bilirubin level,
>10 mg/dL); infection; neurological and
electroencephalographic abnormalities;
and intracranial hemorrhage (using tdtra-
sounds). Infanta requiring oxygen were not
included in thisstudy.

During the 24-month period of the study,
16 preterm infants met these criteria and
were admitted tmthe study after parental
consent had been obtained.

Procedurs

Infanta entering the trial were randomly
assigned to the theophylline-treated
(group 1) or the caffeine-treated (group 2)
group The corresponding treatment was
started immediately after randomization.

In group 1, a loading dose of 5.5 mg/’kg of
arninophylline (theo~hylline ethylenedi-

amine) waa h@cted intravenously. fia
meaaummenta of plasma concentra-tio~ c
theophyllineduring the next eight hour
enabled emhmtion in A caee d th
proper maintenance dose, which was giw
every eight hours either intravenoudy o
Ody. hfaintenanca doaea (zange, 0.8 b 2.
mg/kg every eight boom) were a@ate
thereafter according to plasma levels ~
theophyUine, Which wc aimed to main

between S to 10 mg/L. w

In group 2, a loading dose of catYe”‘

7aodimn atiate (20 mgkg) was injected “
tramuacufarly (0.8 utL/kg, outer partofth
tbighl ‘l%e daily maintenance dose a
5 mglkg, which waa given orally, was aima
to mainti the caffeine plaama level N
tween 8 and 16 mgfL. Plasma levels e
catRXneWWremeasored 24 hours after tb
kdxdo=dfom~ti.

liPla6ma tbeophytfine and caffeine come
trationa were determimd by high-perfo~
ante liquid chrontato~phy OU 100 pL
pbtauu.’ 1

Fbr theophyllinelevels of 5 and 15mg/L
the “interda~ coefficient ofvariation we~
4.2% (n= 36) and 3.36% (n= 25), respec
tively.

Fbr caffeine levels of 5 and 15 mg/L, th
corresponding values were 4.7% (n= X
and 4.1% (n= 25), respectively.

We compared the efficacy of both drug
using mrdiorespirographic recording
which were performed during the 24 hour
following the loading dose (“day 1“) an
again four days later (“day 5“).

In each 24-hour recording period (days O
1, and 5), we calculated the “apnea fre
quenc~ defined a the average number c
severe apneic attacks per 100 minutes. Tb
apnea frequencies on days O, 1, and 5 wer
compared for both groups using differen
methods: (1)three-way analysis of variant
for apnea frequencies and day, taking int
account the subject t%.ctmrnested in da!
and (2) the t test with the reSJULM rarianc

for differences in apnea frequencies lx
tween days Oand 1and between days Oan
5. Results were expressed as mean t SEld

We looked for possible adverse effects c

ld~athic Apnea-Brouard et ;
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the treatments by repeated clinical ex-
amination and by following weightcurves.

RESULTS
GrouP -pSdSWtS

Sixteen infimtswere admitted to the
study. Eight were treated with the-
ophylline (group 1) and eight were
treated with caffeine (group 2] There
was no significantdifference be
tween the two gmupa for gestational
age (.gmup 1, 30.5A 0.4 weeks; group
2, W,5*0.7 weeks} birth weight
(r “,jIP ~ L350~0,074 & PUP 2,
j.- J io.lol !@ postnatal age at trial

p 1, lL7*l.9 days; group 2,
I.1.ti&2.8 daya~ or apnea fkequency on
day O (group 1, 1.02 f 0.4; group 2,
l-~ ~ 0.7) ~ble).

As compared to day O, the 24-hour
recordings on days 1 and 5 showed
significant decreases of the apnea fre-
quency in both theophylline-treat.ed
(group 1) and caffeine-treated infants
(group 2) (Pc.ool) (Figure).

Therewere nosigni!icant differences
in the frequency of apnea between the
two groupa, on days O, 1, and 5.

In group 1, the mean plasma level of
theophylline was 4.99 f 0.36 mg/L on
day 1 (four hours following the loading
doael Using different maintenance
doses (range, 0.8 to 2.5 mg/kg every
eight hours), the mean pIasma level on
day 6 was 6.50f 0.29 mg/L. We looked
for transformation of theophylline into
caffeine in five infants of this group,’
and found caffeine plasma levels from
0.97 to 4.10 mg/L with theophylline
levels from 3.06 to 21.2 mg/L (20 blood
Samplea).
.-.- pwup 2, the mean plasma levels of

M wem 12.&5*1.32 mg/L on day
. ..d houra after the loading dose).
Using the standard maintzmance dose

;AJyw,tw,wf~
, .“

o 1 5

bays

Eu)Mion (Xaonaafrewemx (number of aewa atmeaa W 100 minutes) in tha0h4Sne
treatad(atkdtjd caftdnfkaied@right)infants.&mea kquency dec#a&afrom@aoto
1 (R.001) and from days Oto 5 (P<.001) in both groups.

of caffeine (5 mg/l@ the mean plasma
level on day 6 was 12.74*0.29 mg/L.

Adverse Effects

No adverse effects were observed
before day 5 in either group After
completion of the study, tachycardia
(heart rate between 165 and 210 beata
per minute) was observed during 24
houra in one theophylline-treated in-
i%nt on day 6. The maintenance dose
that had been given to this infant was
0.9 mgkg every eight hours. The cor-
responding theophylline pknna level
was 2L6 mg/L.

No adverse effect was observed in
caffeine-treated infants.

COMMENT

We designed the present study to
compare the efficacy of theophylline
and caffeine in the treatment of recur-
rent idiopathic apnea in premature in-
fants.

Our previously rmtrolled study’ had
shown that caffeine decreases signifi-
cantly the incidence of idiopathic
apnea in premature infanta. This effi-
cacy had been demonstrated for both
severe apneic attacks (as defined in the
present study) and for milder forma of
apnea. In contrast with the treated
group, the apnea fiwquency did not

change fromd~s OtolandfromdaysO
to 5 in the control group Moreover, in
aixofnineinfanta int.bhcontrolgrou~
a treatment had to be started because
of recurrence of severe apneic attacks:
the first two infants had to be intu-
bated, and caffeine was used in the
four others (effects of this treatment in
such “control” babies were not in-
cluded in the study).’

We had established, thus, that the
spontaneous course of severe apneic
attacks usually was not t%vorable, and
that caffeine was able to change it.
When we designed the present study,
therefore, we found it unethical to
include a control group. This present
study confirms the efficacy of both
theophylline and caffeine in the treat-
ment of the most severe forms of ap-
neic attacks. We did not assess the
efficacy of either treatment on milder
forms of apnea, the tlequency of which
is likely to decrease with both drugs,
as it does with caffeine.’

In comparing the efficacy of these
two xanthines on severe apneic at-
tacks, we could not demonstrate any
difference between the two xanthines.
~US, similar decmasea of apnea fre-
quencies wem observed in both groups
from days O ta 1 and from days O to 5,
and no significant difference cm.ddbe
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apnea indexes on* O,1, and 6 mm
compared.

Both theophyliine and caffeine
proved tm be safe, aa demonstrated by
the absence of any complication or
severe adveme effect. We obaemred no
signs of excessive central nervous sys-
tem stimulation, such as jitteriness or
seizures, no abdominal distention or
related problem, and no influence of
the treatment on the weight curve.

It was less easy, however, to use
theophylline than caffeine. The half-
life of theophylline was shorter (mean,
19.5 x 3 hours; range, 16 to 25 how in
our infanta) than that of caffeine
(66.1 *10.7 hours).sWe chose thezwfore
to give theophylline three times a day,
as opposed to once a day for caffeine.
Using the same doses, plasma levels nf
theophylline were variable. l%is is a

L Aranda JV, lkrners T Metbytxanthiaes M
apnea d prenuturity. Clin %-id t9’Kl$~-
108.

2. Simone FER, R@tto H, Si KJ:Phar-
rnecokineticsd theopbylline in neolmh?s.senl
Pwinufol 1W5:33%34S.

3. Murat I, Moriette G, Btin MC, et ak ‘I%e

i.4)XiC]evda are ehx)e. Using-theophyl-
Bne, plasma levels of both theophylline
and caffeine, therefore, have to be
npentedly meaaured ti allow for dos-
age adjustment.

Despite these adjustment, how-
ever, the plasma theophylline level was
too high (21.3 mg/L) in one infant who
had tachycardia.

Since we completed our tlrst study,’
we have been using caffeine routinely
to treat apnea. In this experience, as
well as in the present study, the in-
tramuscular route has been used tQ
inject the loading dose. It did not
induce any local resction, despite the
acidity of caffeine, perhaps because
the volume injected is very small. We
never obsewed any severe adverse ef-
fect of caffeine, the toxicity of which
appeam very low, The ease of obtain-

Re4eremee

eiziacydaffeineintbetmtlnatdmxu.rmn
idiopathicepnea m premature infenta. J aid
ltwl,*9fM-919.

4. M&e ~ SvedS,Hoe&r RD. et al: High-
perforrnulce w.~apti d Inael!
s~ti Identiation 1#dimetbylxanthbe
IIwtdolitea cdcaffeine in human pbma. Biomed

‘., ,:.7
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~“~”’~y p~’ le~~’when ] i
caffeineonce ad+ ia in contrast’~
the diflicultiea of using theophyLl@
Becauae dosage adjustment is rare]
required and the riakappears minima
we think that, following the fust fe
days of treatment, the plasma caffeim
level does not have to be measure
more often than one to two times
week.

In conclusion, we suggest that ca
feine, which is no less efficient tha
theophylline and is easier to u
might be the drug of choice for im”ti;
treatment of apnea in premature u
fanta.
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Book Review

‘tbpia in Neonatal Neumlory, edited by Hm-veyB. SW@ 2sS PB with
iltue, New YorL Grune & Straiton Inc, 1%34.

This text was conceived as a selection of topics in neonatal
neurology in which there have heen recent rapid advances in
Imowledge. Several topics are discussed by more than one
contributor. The book appears to be targeted mainly toward
neurologists involved in the care of newborns, although
neonatologist.s will certainly appreciate many of the topics.

The varieties of neonatal seizures are described under
three topics: the diagnosis and management of hypoxia-
ischemia, the electroencephalogram (EEG) in the neonatal
period, and neonatal seizures. In the latter, the important
role of the EEG in the identification of subtle seizures is
stressed, and it is emphasized that stereotyped movements
and genemlized parasympathetic discharges are common
release phenomena and rarely represent true seizures, as
reflected by E EG ictal activity.

Perinatal cerebral hypoxia-ischemia is discussed as two
topics. The section on pathogenesis and neuropathology
focuses on traditional pathologic concepts and on more
recent ideas of abnormal cerebral blood flow and perfusion.
Current concepts of the causes of periventnculsr and

700 AJDC-VOI 139, July 19S5

intraventncular hemorrhage— in particular, alterations i
cerebral blood flow and capillary injury-are outked i

another section.
Neonatal bilirubin encephalopathy and hyperammon[

tic eneephalopathies are discussed as separate topics, an
there is a section on the necrologic complications of mer
ingitis.

The pathophysiology of idiopathic apnea of prematurityy:
reviewed with emphasis on rapid eye movement physiolo~
although, as correctly stated in a subsequent section, th

rapid eye movement state is not fully developed in the ver

prematum infant. A discussion of ultrasound in the diag
nosis of developmental defects and cerebral ischemic lesion

would have been useful.
I recommend this hook to anyone concerned with th

neurological care of the newborn as a sound update o
recent advances in this rapidly changing area.

SUZANNE L. DAVIS, MB, CH

Departments of Pediatrics an
Neurology

University of California, Dav
Sacramento, CA 95817

Idiopathic Apnea-Brouard et
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Stability of titrated caffeine
solutions for injectable and enteral
use

MARION C. EISENBERG AND NANCY KANG

Am J Heap Phmm. 1984, 41.2405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide.1 The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date, This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,

_ wides 10 mg active caffeine base per milliliter of—
ltion. The procedure uses bactenostatic water to

mlve the titrated caffeine powder. Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
tenostatic water,z we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparation for lrrjectable Uw. Citrated caffeine
powder (purified, Mailinckrodt, Incorporated, St,
buis, MO) 10 g was dissolved in Sterile Water for
Injection, lJSp, 250 ml. The solution was transferred
into a W-ml empty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark, The solution was
filtered through a 0,22-~m filter set into another
5o0-ml EEC. The solution was then transferred into
Sterile 10-ml empty vials.

The vials containing the injectable titrated caf-
feine solution were autoclave at 121 “C for 15
minutes and a)]owed to cool, Each vial was labeled

MARION C EISENRERC. IS Cl]nlcal Pharma~ Coordinator for
[ntenswe Care and N,4Nc3 KANC E .Aswstant Clrector for Quallh
A.S.surance, Depaflment of Pharmacv Services, Children’s Hos-

Pital Nat]onal Medical Center, }Vashlngton, DC
Address reprint requests to M5 E]senberg at the Department

of Pharmaq Sen]ces, Children’s Hospital .Na!ional Med]cal

C@ster, 11 I Mlch]gan Avenue, N W., Washington, DC 20010
_ bnted at the Ixth Annual ASHP Midyear C1inlcal Meehn&

‘— anta, Cmrg]a, December 6, 1983.

Copyright @ 1984, American Society of Hospital Pharmacists,
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<:

and sealed with an IVA seal (U.S. Clinical Products,
Richardson, TX 75083). One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stability
testing at time zero and at monthly intervals for four
months.

Prepura/ion for Enteral Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cher~ s~’rup in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay. Samples from the three
batches were taken on days 14, 30, 60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley,3 This method differentiates between caf-
feine peaks on the chromatograrn and peaks made
by other methylxanthines such as theophylline and
theobromine.

Dilutions of 1:500 and I: 1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internal standard (a-hy -
droxyethyl theophylline 15 #g/ml) in acetonitri!e
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transfernd to a clean test tube
and evaporated to dryness. The residue was dis-
solved in methanol 75 Al, and 20 PI of the dissolved
sample was injected for the assay, The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was z9091 of the original
intended concentration.

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of 290% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf-life to 120 days.
Two batches that were run in duplicate confirmed
our initial results. A third enteral batch ~’as run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the laboratory and the phar-
macy. No sample of enteral solution 1 was sent on

day 90, and no samples for enterai solutions 2 and
3 were obtained on day 120 because of the small
demand for the solution beyond the three-month
period.

VOI 41 NOV 1984 American Journal of Hospital Pharmacy 2405.), :!-
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Table 1.

Caffeine Concentrations’(mg/ml) In Injectable and
Enleral Solutlone

Sampling
Day solution 1 Solution 2 Solution 3

Injectable
o 99

30 10.2 97
60 9.9 11.0
90 102 9.1 .,

120 9.2 9.6
Enteral

o 9.5 86 10.8
10.1 9.0 10.0

: 10,4 10.0 10.0
60 9.7 96 11.2
90 8.7 11.4

120 100 ,..

a Concentrations reflect average valueof each sample run; Initialcon-
centration was 10 mg/ml.

REFLECTIONS

Tesh for microbiaJ growth were negative. Sterili~
testingis performed for each new lot of injectable

caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Conclusion. Extemporaneously prepared solu-
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.

References

1, Aranda JV, Turman T. Methylxanthines in apnea of prema-
turity. CJIrr Perirratol, 1979; 6:87 -1OJ3.
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ASHP Signal. 1982; 6:25,31.

3. Ou CN, Frawley VL. Theophy Uine, dyphylline, caffeine,
acetaminophen, salicylate, acetylsalicylate, procairmmide, and
hf-acetyl procainamide determined in serum with a single
liquid-chromatographic assay. Clin Cherrr. 1982; 28:2157-60.

Pharmacist in paradise

GORDON C, MCCWIRE

Am J Hosp Pharm. 1984,412406.9

One of the numerous inducements for entering the
health profession is the idea that the universal need (or
health care allows an almost unlimited choice of places in
which to practice. UnfortunateIv, opportunities to work
in exotic settings are extremely rare and finding a position
is more frequently a product of chance than of des]gn,

This was true in my case. Practicing pharmacy on a

tropical [sland in the Pactf}c was mere fantasy The reality
crept up on me. In the winterof 1979-80 while I was em-

ployed as a staff pharmacist at University of Ca[ifornia-
San Diego Medical Center, 1 heard about a pharmacy
teaching position in Micronesia,

A Federal Health Manpower Development Grant had
been funded that called fora multidiscipllnaW tra[ning
program to be centered on Ponape In tt . Ektern Caroline
Islands, It included a special provision from the National
Health Serwce Corps (NHSC) to have a group of health-
care professionals who could serve as on-site faculty In
all, the ,NHSC agreed to provide six practitioners—an

GOROON C MCGIJIRE, PHARM D IS a staff pharmacist, Unl-
vemity of California-San D]ego ifmilcal Center, San Diego, CA
92103.
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internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimate [y, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this exot]c
adventure enthusiastically. My decision was flnallzed
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating my concern about
finding work when the adventure was over.

Island Living

The most dramatic realization my fam]ly and I mJde
living in Micronesia was how many modern conveniences
we took for granted living in California. Now, every time
1 turn on a light switch or a faucet, I marvel at how de-

pendable these things are in the United States During one
three-month period in Ponape, we had electricity onlv
from midnight until 7 a.m. because of a series of break-
downs among the island’s electrical generators. Our
telephone number had only three digits, never worked
when it rained hard, and really was not very dependable
in good weather either. Water, although a blt more reliable

than electricity, was turned off every evening, making
showpring, dishwashing, and toilet flushing impossible

after 8 p m. Like the electricity, the water service also had
shutdowns, how-ever, they frequently lasted only several
days.

1984
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Stability of titrated caffeine
solutions for injectable and entera
use

MARION C. EKENBERC AND NANCY KANG

Am J Hosp Pharm. 1984,412405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide. ] The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oraI use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,

-ovides 10 mg active caffeine base per milliliter of
--- ltion. The procedure uses bactenostatic water to

~lve the titrated caffeine powder. Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
teriostatic water,z we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparation for lrrjectable Use. Citrated caffeine
powder (purified, MalJinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, IJSP, 250 ml. The solution was transferred

into a SOO-mlempty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark, The solution was
filtered througha().22-~rnfilter set into another
500-ml EEC. The solution was then transferred into
Sterile lo-ml empty vials,

The vials containing the injectable titrated caf-
feine solution were autoclave at 121 “C for 15
minutes and allowed to cool. Each vial was labeled
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and sealed with an WA seal (U.S. Clinical Products,
Richardson, TX 75083). One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stability
testing at time zero and at monthly intervals for four
months.

Preparation @ Enterul Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 m]. The mix-
ture was stirred until completely clear, A flavoring
agent (simple syrup and cher~ syrup in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay, Samples from the three
batches were taken on days 14, 30, 60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley.3 This method differentiates between caf-
feine peaks on the chromatogram and peaks made
by other methylxanthines such as theophyliine and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 mI, internal standard (cr-hy -
droxyethyl theophylline 15 #g/ml) in acetonitrile
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each ~mple was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transferred to a clean test tube
and evaporated to dryness, The residue was dis-
solved in methanol 75 PI, and 20 K1of the dislved
sample was injected for the assay. The resulk were
calculated based upon the peak height ratio of caf-
feine to the internal standard. Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was Z90$Z of the original
intended concentration.

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of 290% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf-life to 120 days.
Two batches that were run in duplicate confirmed
our initial results, A third enteral batch was run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the laborato~ and the phar-
macy. No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 were obtained on day 120 because of the small
demand for the solution beyond the three-month
period.
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Table 1.
Caffeine Concentrations” (rng/mt) In Injectable and
Enteral Solutions

Sampling

Day SoIuticfl 1 Solution 2 Solution 3

Injectable
o

30
60
90

120
Enteral

o
14
30
60
90

120

102
99

10.2
9.2

9.5
101
10.4
9.7

100

99
9.7

110
9.1
9.6

86
90

100
96
8.7

Tests for microbial growth were negative. Sterility
testing is performed for each new lot of injectable
caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Concision. Extemporaneously prepared SOIU.
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.

References
108
10.0
100
112
11.4

0 Concentrations reflect average valueof each sample run; Inltfal con-
centration was 10 ~/ml.
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Aranda JV, Turman T. Methylxanthines in apnea of prema.
turity. CIJrI Ptnnatol. 1979; 6:87-108,
Anon. Benzy[ alcohol toxicity: 16 deaths of neonat= reported
ASHP Signal. 1982; 6:25,31.

Ou CN, Frawley VL. Theophy[line, dyphylline, caffeine,
acetaminophen, saficylate, acetylsdicylate, procainamide, and
N-acety] procainamide determined in serum with a single
Iiquid-chromatographic assay. C/in Chmr. 1982; 28:2157-60.
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Pharmacist in paradise

GORDON G. MC~UIRE

Am J limp Pharm, 1984, 412406-9

One of the numerous inducements for entering the
health profession ]s the idea that the universal need for
health care allows an almost unlimited choice of places in
which to practice. Unfortunately, opportunities to work
in exotic settings are extTemely rare and finding a position
IS more frequently a product of chance than of des]gn.

This was true In my case Practicing pharmacy on a
troplcai ]sland in the Pacific was mere fantasv. The reality
crept upon me. [n the winter of 1979-80 while [ was em-
ployed as a staff pharmacist at Univers]tv of Cal] fornla-
San Diego kfedical Center, 1 heard about a pharmacy
teaching posttlon in Micronesia.

A Federal Health Manpower Development Grant had
been funded that called for a multld]scipllnary tra]nlng
program to be centered on Ponape In the E&tern Caroline
Islands. It included a spec]al provision from the Xaticrnal
Health Serwce Corps (XHSC) to ha~e a group of health-
care professionals who could serve as on-site faculty. [n
all, the INHSC agreed to provide six practlt]c>ners —an

GOROON G !vfCGLrRE, PHARM D is a staff pharmacist, fJnl-
versltv of California-5an Diego \ft>dical Center, San Diego, CA
92103:
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internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimately, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practltiorrers to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this exotic
adventure enthusiastically. My decision was finalized
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating mv concern about
finding work when the adventure was over

Island Living

The most dramatic realization my family dnd I made
living in Micronesia was how many modern conven]encfi
w-e took (or granted living in California Now, eve~ hme
1 turn on a light switch or a faucet, [ marvel at how de-
pendable thew things are in the Un]ted States During one
three-month period in Ponape, we had electricity only
from mldn]ght until 7 a.m. because ot’ a series ot break-
downs among the is[and’s electrical generators, Our
telephone number had only three ciiglts, never worked
when it rained hard, and reallv was not very dependable
in gwd weather either. Water, although a bit more reliable

than electr]clty, was turned off ever-y evening, making

showering, dishwashing, and toilet flushing impossible
after 8 p m. Like the electricity, the water service ~lso had
shu!c!~wns, however, they frequentiv lasted only several

days.



A, INGREDIENT NAME;

CANTHARIDIN

B. Chemical Name:

2,3Dimethyl-7-Oxabicyclo [2.2. 1.1 Heptane-2,3 Dicarboxylic Anhydride

C. Common Name:

Canthacur, Cantharone, Verr-Canth. Canthacur-PS; Cantharone Plus, Verrusol

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Result: The IR Spectrum exhibits the at WIOl 800, which is typical of Anhydrides and it
cotiorms with the data reported in literature [Stork, G:van Tamelen, E. et. al, J Am Chem
SOC. 75>388 (1953)]—

E. Information about how the ingredient is supplied:

Colorless glistening or orthorhomibic plates, scales

F. Information about recognition of the substance in foreign
pharmacopoeias:

Span.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Rosenberg, E. W., Amonette, R. A., and Gardner, J. H. Cantharidin treatment of warts at
home (letter). Arch Dermatol, 1977; 113(8):1134.

Harwell, W. B., Buchanan, Jr., R. N., and Hamilton, J. R. Foot Care. J Tennessee Med.
Assoc., 1978;71 :830.

Rosenberg, E. W., Amonette, R. A., and Gardner, J. H. Foot Care. Arch. Dematol.,
1977; 113:1134.
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H. Information about dosage forms used:

Liquid
Apply directly to the lesion and cover the growth completely.

1. Information about strength:

0.7%

J. Information about route of administration:

Topically

K Stability data:

Melts at about 216-218°. Sublimes at about 110°with some fimes.
Stable

L. Formulations:

M. Miscellaneous Information:

-.. _
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2,3 DDAETHYL-7-OXABICYCLO [2.2. 1.1 HEJ?TANE-2,3 DICARBOXYLIC ANHYDILIDE
— > B

BATCH No. :2C/97

Appearance x Colorless glistening orthorhombic @Z es. ~

Identification
Thin-Layer Silica Gel Plate Merck 60F254

Chromatography Eluent: CH12C12MeOH: ?320=86.5: 10:0.75
Detection: Iodine-Wurated chamber: the spots are tixed with starch soIution

Resulti 1 single spot with Rf Ca. 0.76. The product is
chromatographically pure.

Infkared spectrum:

.—.

GLC

lMelting point:

Residue on ignition negligible

Medium:KBr Tablet
Ccmcentration:1/300

Apparatus: Perkin-Elmer
Result: The IR Spectrum

P(

)

exhibits the at WIN>1800, which is typical of Anhydrides and it
conforms with the data reported in literature [Stork G:van
TameleL E. et al, J Am Chem See. 75,388 (1953)]

L {

Solution O.1% in Ethyl Acetate, 4 mierolitre are injected.
column: Ch.romosorb WMP 100/120 mesLOV
173% (Methyl-Phenyl Silicone 50:50), leng& 21U. 1-
hiE2f2z 2’50C
Detector: 250C
Temumature:

I/
1200C-1800C, 100C/minute

Result: 1 single pedg no side peaks. The product is GLC-pure.

found 216”C, re@d by BPC:

(sealed tube. uncorrected) 216-218”C

required by BPC less
than 0.1 per cent.

/

THE ABOVE TEST RES&TS HAVE BEEN OBTAINED BY OUR MANWTACTUREIL’SLTPLEWOR IN OUR QUALITY CONTROL LABOIMTORY.
THE DATA IS PROVIDED AT THE REQUEST OF AND FOR THE COWENLENCE OF THE CUSTOMER .AND DOES NOT RELIEVE THE CUSTOMER
OF ITS RESPONSIBILITY TO VERIFY lT. THIS ANALYSIS IS NOT TO BE CONSTRLZD .= A w’~.

EXPRESSED OR IMPLIED

,/
./
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—_— QUALITY CONTROL REPORT

CHEMICAL NAME. :CANTHARIDIN

NANWACTURE LOT NO. :2C/97

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP_/BP_/MER~_/NF_/_T ._/CO. SPECS._.

1) DESCRIPTION. :
COLORLESS GLISTENING OR ORTHORHOMBIC PLATES,SCALES.

2)SOLUBILITY. :
INSOLUBLE IN COLD WATER,SOMEWHAT SOLUBLE IN HOT WATER.ONE GRAM
DISSOLVES IN 40ml ACETONE,65ml CHLOROFORM, 560rrLl ETHER, 150ml ET-
HYL ACETATE.SOLUBLE IN OILS.

3 MELTING POINT.:

K4
MELTS AT ABOUT 216-218 degree.SUBLIMES AT ABOUT 110 degree WITH
SOME FUMES.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)COMPLIES AS PER IR SPECTRUM CO.SPECS.

PASSES. :

COM4ENTS.:

FAILS. :

ANALYST SIGNATURE. : DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :

—-=.

.4-”



.—= ------------------ 1DENT1F1CATION -------------------
PRODUCT #: C7632 NAME CANTHARIDIN
CAS #: 56-25-7
M17 C1OH12O4

SYNONYMS
CAN * CANTHARIDES CAMPHOR * CANTHARIDIN * CANTHARIDINE *

CANTHARONE *
EXO- 1,2-CIS-DIMETHYL-3,6 -EPOXYHEXAHYDROPHTTIALIC ANHYDRIDE * 2,3-

DIMETHYL-7-0XABICYCLO(2.2 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE *
4,7-

EPOXYISOBENZOFURAN- 1,3-DIONE, HEXAHYDRO-3A,7A-DIMETHYL-,
(3 A-ALPHA,4-

BET&7-BETA,7A-ALPHA) * HEXAHYDRO-3A,7A-DIMETHYL-4,7-
EPOXYISOBENZOFURAN- 1,3-DIONE * KANTHARID~ (GERMAN) *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: RN8575000

7-0XABICYCLO(2,2. 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE, 2,3-DIMETHYL-

——–.

TOXICITY DATA
ORL-HMN LDLO 428 UG/KG 34ZIAG -,646,69
IPR-MUS LD50 1 MG/KG JAFCAU 35,823,87

REVIEWS, STANDARDS, AND REGULATIONS
IARC CANCER REVIEW ANIMAL LIMITED EVIDENCE IMEMDT 10,79,76
IARC CANCER REVIEW HUMAN NO ADEQUATE DATA IMEMDT 10,79,76
IARC CANCER REVIEW GROUP 3 IMSUDL 7,56,87
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
CARDIAC (ARRHYTHMIAS)
SKIN AND APPENDAGES (TUMORS)
TUMORIGENIC (NEOPLASTIC BY RTECS CRITERIA)
TUMORIGENIC (EQUIVOCAL TUMORIGENIC AGENT BY RTECS CRITERIA)

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS)

DATA IS PRESENTED HERE SEE ACTUAL ENTRY IN RTECS FOR COMPLETE
INFORMATION,

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE FATAL IF INHALED, SWALLOWED, OR ABSORBED THROUGH SKIN.

VESICANT
CAUSES BURNS.

— MATERIAL IS EXTREMELY DESTRUCTIVE TO TISSUE OF THE MUCOUS
MEMBRANES



- THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



—. SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS

------------------- REACTIVITY DATA -------------------
STABILITY

STABLE.
CONDITIONS TO AVOID

LIGHT SENSITIVE
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

EVACUATE AREA.
WEAR PROTECTIVE EQUIPMENT.
CAREFULLY SWEEP UP AND REMOVE.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS—

COMPLETE.
WASTE DISPOSAL METHOD

INCINERATE IN A FURNACE PROViDING ENVIRONMENTAL REGULATIONS
PERMIT.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

NIOSH/MSHA-APPROVED RESPIRATOR.
USE ONLY IN A CHEMICAL FUME HOOD.
COMPATIBLE CHEMICAL-RESISTANT GLOVES.
CHEMICAL SAFETY GOGGLES.
FACESHIELD (8-INCH MMMUM).
VERY TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.

CAUSES BURNS
POSSIBLE RISK OF IRREVERSIBLE EFFECTS
IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE

POSSIBLE).
WEAR SUITABLE PROTECTIVE CLOTHING, GLOVES AND EYWFACE
PROTECTION.
DO NOT BREATHE DUST.
POSSIBLE CARCINOGEN.
VESICANT.



_— AND UPPER RESPIRATORY TRACT> EYES AND SKIN
INHALATION MAY BE FATAL AS A RESULT OF SPASM, INFLAMMATION AND

EDEMA

OF THE LARYNX AND BRONCHI, CHEMICAL PNEUMONITIS AND PULMONARY
EDEMA

SYMPTOMS OF EXPOSURE MAY INCLUDE BURNING SENSATION, COUGHING,

WHEEZING, LARYNGITIS, SHORTNESS OF BREATH, HEADACHE, NAUSEA AND

VOMITING,
CHRONIC EFFECTS

PROLONGED CONTACT CAN CAUSE:
CHEMICAL PNEUMONITIS.
PULMONARY EDEMA. EFFECTS MAY BE DELAYED.
SEVERE GASTROENTERITIS, NEPHRITIS, COLLAPSE, DEATH MAY OCCUR. *

POSSIBLE CARCINOGEN,
FIRST AID

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS
CONSCIOUS

CALL A PHYSICIAN
— IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER——

FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND

SHOES. CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR IF BREATHING BECOMES DIFFICULT>
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING

—

THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
ADDITIONAL INFORMATION

*MERCK INDEX, ELEVENTH EDITION (SIGMA PRODUCT M2404),
-------------------- PHYSICAL DATA --------------------

MELTING PT: 216 TO 218’C
VOLUBILITY: ACETONE-SOLUBLE CHLOROFORM-SOLUBLE

WATER-INSOLUBLE
APPEARANCE AND ODOR

SOLID.
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.
WATER SPRAY.
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decongestant effect of ~udoephedrine on th
swollen mucosa of the respiratory tract, Gua
fenesin, an ether, is capable of being partiall
eliminated by way of the expired air, and i
therefore able ta exert a local expectorant ac
tion in the respiratory passages. Guaifenesil
makes expectoration freer and easier, becaus
the mepiratory tract secretions are made mor
fluid and thereby more easily expelled.
Indicatiorw Veraacapa are indicated for th,
symptomatic relief of cough in conditions sucl
as the common cold, acute bronchitis, al]erg-i
asthma, broncholitis, emphysema, and tra
cheobmchitis. Veraacape are alsa indicated fo
relief of nasal congestion, chronic rhinitis, al
lergic rhinitis, and post nasal drip of chroni,
sinusitis.
Contraindfcatione: Severe hypertension 01
severe cardiac disease, sensitivity to antihista
mines or sympathomimetic agents.
Warnings Use with caution in patients suf
fering from hypertension, cardiac disease o]
hyperthyroidism.
Precautiorw Although paeudoephedrim
hydmchloride causes virtually no premor ef
fact in normotensive patients. it should be user
with caution in patienta with hypertension.
Adverse Reactiorrtx The great majority oi
patienk wiIl have no side effects. Only certain
patients, sensitive to one or annther of the in.
gredienta, may note mild stimulation or mild
sedation. As with other preparations contain.
ing antihistamines, drowsiness may occur in
some patients; if so, it is usually transitory
disappearing within a few daya of continued
therapy or upon reduction of daaage. Other
side effects produced by antihistamine drugs
include diszinees turd drynees of the mouth.
Gastrointestinal irritation hae been reported.
Usual Adult Doaagm ‘TWOcapsules every 12
hourq one capsule in mild cases.
Children S-12 1 capsule every 12 hours.
How Supplied In bottles of 100 and 1000.
Dispense in a tight, light resistant container as
defined in the National Formulery.
Caution: Federal law prohibits dispensing
without a prescription,
CONTAINS NO FD&C YELLOW DYE No. 5
(DYE FREE)

SERES Laboratories, Inc.
3331 INDUSTRIAL DRIVE
❑ OX 470
SANTA ROSA, CA 95402

CANTf4ARONE@ u
(canthswidin collodion)
For External Use Only

Deacriptioru CANTHARONE@, canthari-
din collodion, is a to ical Ii uid containing

+0.7T. cantharidin m a I m- ormmg vehicle
containing ace~e, ethocel and flexible COIIO.
dion. Ether 35%, alcohol 11%. The active in-
gredient, cantharidin, is a veeicant. The chemi-
cal name is Hexabydr&3aa, 7aadimethyl.4/?,
7&ep0xyiso&ns0furan-1, 3dione. C1SH1204
Clinical Pharmacology The veaicant ac-
tion of cantharidin is the result of its primary
acantholytic action. Maeffectiveness against
warta is pmaumed to result from the “exfolia-
tion” of the tumor as a consequence of ita acan-
tholytic action. The Iytic action of cantharidin
does not go beyond the epidermal cells, the
basal layer remains intact and there is mini-
mal effect on the corium; as a result there is no
scarring from topical application.

Indications and Usage: fkrtharone@ ie
indicated for removal of warta and molluscum
contagiosum. It ia designed for topical applica.
tion by a physician. Painless application and

Product Information

the absence of instruments makes it especiall
useful for treating children. See Dosage am
Administration section fnr specific direction
for USC,
Contraindications Cantharone@ is no
racommendirf for treatment of mcwaic warts
Warnings: Cantharidin is a strong v-ican
and Cantharone@ may product blisters if i
comes in contact with normal skin or mucou
membrane. If spilled on skin, wipe off at once
using acetone, alcohol or taps remover. Thel
wash vigorously with warm soapy water am
rinse wel[. If spilled on mucous membrane o
in eyes, flush with water, remwe precipitate
collodion, and flush with water for an addi
tiorral 15 minutes. Residual pigment change
may occur. Patients vary in their sensitivity tl
cantharidin and in rare cases tingling, bumin[
or extreme tenderness may develop In thes
cases the patient should remove tape and wal
the area in cool water for 10@ 15 minutes, re
peating se required for relief. If soreness per
sists., puncture blister using sterile @chnique
apply antiseptic and cover with a Band-Aid. I
is advisable to treat only one or two lesions or
the firstvisit, until the sensitivity of the pa
tient is known. For external use only.
Precautions: There have been no adequati
and well+ ontrolled studies on the use of can
tharidin in pregnant women or nursing moth
era, therefore the usc of Cantharone@ during
pregnancy or in nursing mothers is not recoin.
mended.
Cantharorre@ is flammabl~ keep away from
heat, sparka and flame.
Adverse Fteactiom The development O(
snnular warts following Cantharone@ ther.
SPYh= been raPo* in a small percentage O(
patienta. Theee lesions are supertlcia] and,
~lthough they may alarm some patienta, pre
sent IittIe problem. Treatment consiate of pa
tient reassurance and retreatment using ei.
!her Cantharnne@ or other procedures. There
hasbeen one report of chemical Iymphangitis
~ollowing use of Cantharone@) in combination
tvith ealicylic acid plaster.
DO~e and Administration: Ordinary am
periunguol usxr.tr-No cutting or ptior treat.
ment is required. (occasionally nails must be
:rimmed to expose subungual warts to medica-
tion.) Apply Cantharone@ directly to the Ie
;ion; cover the growth completely using an
~ppIicator stick. AHOW a few seconds fnr a thin
nembrane to form and cover with a piece of
ton-porous plastic adhesive tape e.g. BIen-
Ierrn. Instruct patient to remove tape in 24
lout% and replace with a ]- ~nd.Aid, On
]ext visit remove necrotic tieaue and reapply
;antharone@ to any grawth remaining. Defer
wend treatment if inflammation is intense, A
Iingle application may suffice for normally
teratinised skin.
Wantar uorta —Pare away keratin covering
he wart: avoid cutting viable tiaaue. Using a
?-tip or applicator stick, apply Carrtharone@
o both the wart and a l-3mm margin around
he wart. Allow a few minutes to dry. Secure
vith non-porous plastic adhesive tape. Leave
n place for a week, then debride. If any viabIe
wart tissue remains after debridement, -ap
IIY a small amount of Cantharone@ and ban-
Iage as above. Three or more such treatmen~
nay be required for large lesions. When de
truction of wart is complete, the healed site
will appear smooth, with normal skin lines.
‘alpcbml ruorts-Using a tithpick or tine
mobe, apply a small amount of Canthamne@
o the surface of the wart, Avoid touching sur.
ounding normal skin or applying inside the
ye lashes. Leave lesion uncovered. Repeat in a
wek or ten days if any growth remains.
Volluscum cordagbsum -Coat each lesion
;ith a thin tlm of Cantharone@, In one week,
rest any new lesions the same way and retreat
ny resistant Iesiona with Cantharone@, this
ime covering with a small piece of accluswe
ape. The mpe shOuld be removed in 6 to 8
Ioum.

AIWaYS CO~\

HOW SUpplied: 7.5 mL,$
09601). Close tightly km
Keep away from heat. ~<
Revised Sept. 1982.
Direct inquiries to Kath~.,14

CANTHARONE PLU”@
For External Use Only ,,&

b --

Description CANTHAROP
topical liquid cont,aininp a
5% podophyllin. 17. cc___
forming vehicle containi~,~
polyethylene glycol, cellcgolv
dion, castor oil and acatonei~
SaIicylic acid is a derabl~
name is 2-Hydroxybenmic a-t
a caustic. It is an extract of,.:
mote of Padophyllum peltatun
a veeicant, the chemi~ “&
~ti;~;;imethyl+, 7B+&

How Supplied 7.5 mc~ ‘
097-01). Clcse tightly imrnta
Keep away from heat. Do,r@
Revised Sept. 1952
Direct inquiries to Kath&]}

““’;+

Serono Labora~&
2S0 POND STREET...+;’;
RANOOLPH, MA 023q

Semno Laboratories, In;,~;
answer inquiries about the f.,,-

.:~.
ASEt.LACRIN@I . Vrrsf
[somatropird “>/i*

FOR iNTRAMUSCULAR@

Description: Aaellacrin ,[i
jterile, Iyophilized, purifi~ ~
mone extracted from the $
Jland.
I%e potency of Asellac’ri;t
krmined bv bioaeaav in, hvl

tin and 40 mg of mannitoL’,

?ital aa well as other
Ihown below.
FolIitrapin (FSH)
Lutmpin (LH)

>orticotropin (ACX’H)

l’hyrotmpin [TSH)
%olactin (PRLI

llre pH is adjusted be

pittij. ..
!r? ,iz[ti

leas t...
leas :*
l’f.S5.HJ
leas *
,014.II!
leestbs.
lessthai
2.ssm

twean-6,i

---- ... . ...m”
4. Skeletal Growth :I1?(1‘1
L9ellacrin ISomatropin) stun!
;rowth in patierrta with pitui~
none deficiency. The meaeurab
pmwth (body length) after Somgl
stration results fmm its efTe@.!J
us growth areas of the long ho
hat sumatropin’s effect is mediaa
inn factor, or aomatomedin wl!kh.~
ncor-poration of sulfate into C@
omedin ia low in serum of the g
[eficient patienta whose growth h~
iency is the result of hypopitui.~
ophyaectomy, whereas ita p-
Iemonatrated aftir sOmatropin:tJY
L Cellular Growth .i o
n addition to its effect on the skel!
opin brings about an increae-? iII tf
nd visceral mass. In muscle, <t
reaaa in mass is observed by &$
ncreaaa in number and dimer@?
iber cells. < 11s4



Camphor/Lapslcum ioo~

rp.a-w)
~ Cannab.; Cannabis Indica: Chanvrw

@ HemP

y14.7.

~ also been know’n as: Ait makhlif. Aliacn-
- -&ma, Assyuni, B~mbaiacha. Bambia. BCZZ-

b ~ ~@gUC,Bhang, BhmgAu. CanaPa.
-a. Cmmxzcoro. Can-Yac. Carn@s, Chur
~ ~uCSao. Da-boa, Dach& Dagga, Dmkte-
‘ D~@. Djflmba, Dj:ma. Dokka. Donizjuanita.
~jo, E]tia, Ecva mahgna. Ecva do nocce, Esmr.
~ Fmoce. Fddmt, Fumo bmbo, Fumo de cab-

~m,ila. Grmoui. Gmmco. GOZL13L.
~G.a~za. Guaza. ~unjah.~, u....-. --

. H@lzi. Hen-Nab, Hursini, Hashish, I@o. In-
,.! r.,i;.k hmnna. [ntiaIIbMZSDDU.hit5rLrWU.r-. .,

~J~u7P~akadyachum?. Jea. Juarta: K+mb, Kw-
h.~~. KJUWe.,fif. fGf Ktmm. Kmnab, Li-

MSCmdra.Maconta. .Madi. Magiyarn. tvfakhlif.
....”” Wmniuacra. Marhconeo. M~humr~

m- Mat~kw-mre, ivfbanje.
‘?,-~;oacmMomea. ~o@ lWJatinha, Mun-

~ miimba. Ntsangu: Nwo.*& Pe@L Perzek,
m PICImhO.R~e, Rah. ~~?. R1amba. ROng@

&Mafia. Sabsi, Sadda S1ddhl, SOfiadora. SOU:-b.. Summa. TaheaIim. T*Oum—-,..,.. ..””:, 1s.
iom. Umw.-UmmOgipwee.

~y~~i~-Zacate chino. ZcrouaL and Ziele

A$$pmximate synOn~.ms for c~nabis resin in-
-k -, Charms. Chin. Chucms, Chus, Ga-

.:A. (hmnrsch. Gzuia. Hachiche, Haacisc.
Hiss;ysz, Haxixe,Heloua,

K+.eMg w f~iting tops of the piscillate plant of

..VIZ(Catmabinaceae). In the UK cannabis is de-
IM WYpan of ~Y PIaM Of Chegen~ con~b;s.
Motaflyccfecs to a mixtwe of dre leaves and ffow-

..flg, dagga. gan]a. k!f, md j~cufffra Me cOm-
d in various counmes to describe similar
LHarhish and chczrczsare names often applied to

ugh in some countries huxlcisff is applied co any
~@par-aciOn.
&m.mbinoids has been extracted fmm the drug, the

lt being Ay-tetmbydrWmnabinol (dronabinol),
.-camrabinol, A9-tetcah ydrocmrnabinolic acid,
and Canrrabid:oi. Cannabinol and camubidiol

~thlwe~mou.tsbut have litdeactiviw. TIW
#A9_Y~annabin01 may avecage 1,3, md 5%

~ ganja- and hashish respectively.

..-
~rted rfmt the prolonged heavy uae of cannabis

–.ecmce and psychic dependence but chat phys-
w had not been demonstrated. There have been

, ;wna of non-specific symp[oms such as arroccx-

b

UKOmrria.irritability, rcsclessnexs, sweating, hettd-
‘mild gastro-intestinal upsets occurring when
witbdmwrr.

Effects
~vomiting may be the first effects of cannabis tak-

* The most frequem physical effects of cannabis
o m an increase in heart rate with alterations in

SSSMC,injected conjunctival vessels, and deteciom-
x conrdimtio”. TFWpsychological effecca include

-on of time md space, irricabifity, and discur-
d~mory ~d judg~nle”t. A~iecy or pmic reactions
X pacdculady in inexpcricmced usecs. Psychotic ep-
#B pacmmd or ~cfziz~pfrremcnature,and usually
hSOccucfedi“ s~bj~~~~ ~ng Cmmbis, especially in

I(Xtier the “Se of yfieties b~ for I high yield of
~ (so-called skunk).

~ of the adverse eff..cta of cannabis.

h= Caonab#s.toxicological prcqxmes md cp]dem!o-
~~. .$fcdJ Ausr 1986: 14582-7
_ ftA.Psychopharmacologicaleicxts or cannabis. Br J
~~ Im. 43. I14-22.
b.ktimy of Pcdiatncs. Manj.ana: a contirw,.g con-
~fW!amc,ans. fe.di.~rt.x 1991, S8: 1070-2.
‘$. Cannabisand COCa, IIC. phwm J 1993;2S1: 483-5.,,

Ban the eyes. A ~epofl of persistent visuJI abnO~~-
tQmLfolIowl”g ~scontl”w~lon of heavy bwe Of

.~O orgacm cause for the effects, which were accom-
~ h pcmiste”~ ~ent~ ~h~ge~, could be found.

‘~btr~n AB Pcr,js[en[ visuai cbangc~foHOwmgh~sh-
~PtlOn. B, J O~h,hal~ol 1993; 77:601-1.

% atrd the neonate. Cannabis has effects on
* W7 alter reprod”cri>e hocmomd SyS1eICrs.Infants

*CS exposed to cannabis during pregnancy tend
‘~’er bicth.weigh,l.2 a“d mav suffer from incremed
- h tic Fmsmatal perincf.3 “

~ B erQ!.Effcc,s of mammal marijuana and cocamc
●* growth.,VEnp/ J .kfzd 1989:320.762-8.

2 Frank DA. cl al. Ncon~!~lWY pmWrlOnaiilY md WY com-
position after in utero expnwrc 10 cncaine and marijuana. J
Pzdiafr 1!7XI 117:622-6.

3. Silverman S. lntecactmn of drug-abuting mn[hcr, fetus, types
of drugs examgncd in numerous wudics. JAMA [989. 261:
1689, 1693.

Psychosfs. Refeccnces to psychosis aaxwi~[ed with cacma-
bis.
1. Rm!anburg D, et al. Cannabis-associated psychoses with hy-

pomamc kuures. f.AncerI982: il: I364-6.
:. AndrcassOns. et u1.Canndbls and ~hizophccnia: a 10nsitudi-

nal swdy of Swedish Conscripts.hncef 1987:R: 1483-6.
3. Wylie AS, c1af. Psychosis due co“\kunk-. 8r6kfJ 1995:311:

I25

Treatment of Adverse Effects
.Mild panic reactions do mzt usually mquife specific checapy
rcaasurance is generally suficiecw. Dlazepatn may hc neces-
sary for severe rewmons.

Ffumazenil was effective in ceversing coma in 2 children who
had ingested comrabis. [
1. Rubm F, et al. FJumazeml for coma mvemal m children JIM

cmnabts. Lm>tr 1993;341: 1028-9.

Precautions
Cwmabis has been repocced to affect dciving. Cannabis and
alcohol have additive effecw, interactiorsa might be expected
between cannabis md a wide cange of drugs.

Interactions. Antimuscafinic figerrts, including tricyclic
antidepmsaants. may produce add]tive increaw in heart rate’
whecea.s convecscly pmpmnolol reeds tn attenuate cannab]s-
induced uwhycarda. Limited evidence irxhcates that a com-
bination of distdfiram md c.urcmbis may produce a hypnmiur-
ic state.2 For a suggestion chat cwrrrabis smokmg can increase
the clearance of dreophyllinc. =e P. 1661.
1. Hillard JR. Wcwcg WVR. Marked sinus mchycardia resulhng

from the syncrgtsnc effects of martjuzna md nonnp!ylinc. Am
J Ps.vchiurry 19$3: Im 626-7.

L Lacoursrcce RB. Swarek R. Adverse mmmcuon bcrwecn di-
sdfiram and mtijuanz a case rcr=r. .~ J ps?chia? 19B3:
140:2434.

Pharmacoldnetics
The Iccive principles of cannabis arc abaocberf frum the gaa-
tm-inresumd rmcc and the lungs.

About 50% of the Ay-tetmbydcoccmnabmol availabIe in carz-
nabis is present in tie smoke inhaled from a whole cannabis
cigarette. ~k produces m effect almmt immediately. mh-
es a peak in 20 to 30 minutes, and ISdissipated in about 3 to
4 hours.. When cannabis is raken by mnudr abaorptimr may fx
slow and ifcegulac. Effccca are ne4 seen for 30 minutes to 1
houz and persist for about 8 hour’s

Tetmhydrcacmabinol is Iipnphilic and becomes widely dis-
tributed in the body. It is extensively metabo[iaed. pcimacil y
in the liver, 10 the acrive 1I-h ydroxy derivative; both are ex-
tensively bound to plasma pmteina. It is excreted in he urine
and faeces, snmetimes over prolonged pcciacfs. Excretion
may be more capid in chsorric users.

Pregnancy and the neonate. C-,abinoids cmas the ph-
cerwalarrd ace excreted in bmaat miffs.- For the effecu of can-
nabis on the nconaee, see above.
1. Pacificl GM, ?40!toli R. Placcnial rransfer of dcugs adminis-

!ercd to the mother. Chn ,%artnacokinrl 1995;2& 235-69.
2. Amerlcm Academy of Pcdiamcs Commit!cc on Drugs The

tmnsfer of drugs and orherchemicals inlo human milk. Pcdmr.
rrcr I 994: 9* 137-50.

Uses and Administration
Cannabis was focmecfy employed rLSa ae&tive or naccntic. Its
main active constituent A9-tecmbydmcarmtiinol (dronabinol,
see p. 1218) arrd a syntheuc cannabinol (nabilorw, see p. 1230)
we used s amiemetics in patients receiving cancer chemn-
chempy they are dso being investigated for a number of orber
potecrtia3 cherapeuftc uses. Arrecdofal repm?.s exist of bcnefi[
fmm cannabis in a variety of disorders brcluding glaucom%
mafigmmt treoplasms, multiple s.clemxis, and AIDS.

References to the pntencial medical uses nf camrabis.
1. Dnvlc E. %cnce AA. Cannabts ar a mcd]cinc? Br J Anacsrh

i955, 7.s: i59-61.
2. Gray C. Cmnabi+{he therapeutic potential. Plt.rm J 199%

25J: 771-3.
3. Grinspcon L. BakalacJB. .Mar!huanaze a medici~: a plea for

reconstderatton. JAMA 1995:273: 1875-6.
4. Wil[~S. lle use of c.mnabts in muJriplc sclerosis. Pharm J

199s: 225 237-a.

CaSIOia Oil [176651)

Cacrola oil is a focm of rape oil (ace p. 1748) from strains se-
lected for low ecucic scid content. It M used as atr edible oil
and in phwccraceuticd manufacmring and cosmetics.

Cantharides (IM17-sj
Blmenng 8eeclc Canthanx Insectes C0160pt6ms
Heterom.hx Lytra; PWo,cfes; RussJan Fhes: Spanish Fly.

The dried heede Can[haris vesicarona (=LytN vesicaroria)
(Meloidac) or other SW.. conmining not less than 0.6% of
cantharidicf.

Adverse Effects
Following ingestion of cmcb~dcs 131creis burning Pain in tie
chmzrt mrd stomach, with difficulty in swallowin~ nmtse~.
vomi:ing, baemaremesis, abdominal pain. blcmdy diwrhom.
and tenesmus; renal pain, ffequent IrdCNf’iUOn,haem~fuci~,
umemiw severe hypotension and circuiatocy failure. Omi
doses of carztfmridin (the acrive irrgrcdierrt of cmtharides) of
less char 65 mg have been Iethaf. A dose of 1 mg or contact
with one inxect can WWJUCCdistreaaiwwmPtOmS.skin COn-
uct rtsultsinblisters.

References.
1. Hundt HKL, er al, Pnst-moflem mum concmomon of can-

tbandsn m a facd cmc of cmthwadcs pmonmg. HumErP Tox-
iccd 199+1% 35-40.

Uses and Administntion
Prepamtions of carrcfmrideshave been employed extemall y M
mbefacients, cmmter-irntanta. and vesicarrts. They should nor
be taken intemaffy m applied over Iacge sucfaces owing to the
risk of absorption. The use of cas-dftarides in cosmetic pmd-
uccs is pmhib![ed in C3KUK by law.

Carzchacides is used in homeeopatldc medicine.
Mylabcis (Chirzcxe blistering bccde: Chinese cmthurides: [n-
dim blistering becde), tic dried bc-crkesof the species 6f.v/a-
bm.c sidoe (= M. phuleraml M cichoni. mrd ,W.pmrularor,
has been used as a substitute foc camfmndes and as msource
of cantbaridirr (see below) in the Easr-

Preparations
Nsmesot’preparations we Mcd hcfmv: details are given in Pm 3.
Pmprfetary Preparations

Multi-irrgrediirst prepantiom. Spain: Fcikton.

/1

q@-@@14fJ2&5. oe
~-~

CAS — 56-25-7.

Camhacidin is obtained from carwhacides or mybzbris (see
above under Carrdtacides).

Camfmridin in flesibie cnllndkm has bccrr applied for [hc rc-
mowd of warm, 1[has An been used in vetecin~ merhcme.
Owing to the high toxicity of canthtidict it is recommended
cfmtpmpamtions cnrwzining ii should not be rzzcdmedicimdl y.
Adverse effects are those described fnr Cantharides (see
abnve).

Preparations
Names of prcpamtions ace Iisrcdbrlow. debds arc given in Pmr 3.
Pqwie~ Preparations
Clmud.:(30 Lhxw Cancbamw.USA:c-t; v’.
Multk-ingreeffent ~parations. C-.: Cmchacur-PS i Can-
rharrw. USA:calzrbaccmePlu-$V=1-

Capsicssm (46i7.w)

Capsic.; Capsiu FructtIs Cfulfies Rment Rouge Pimenrin:
Spanischer Pfeffe-c.
C.45 — 404-86-4 (cnpsmcin).

NOrE Ground cayenne pepper of commerre iz nocmally a
blend of varieties. Pzpcika is from Cups/cum asrmmm var.
longurm it is milder than capsicum.
r%ormacopcax In AU.CL,Gee. Hung., IL, ]p, and SWISS.
US includes cafmcum olencesm.

The dcicd cipc fmits of Capsicccrn annrrum VW, minimum and
smafl-fruited vmkties of C. fnrtescerrs (Solarmceae). Some
phmrzracopneiaa aflow different varieties. h contains rro[ less
rhazr0.5% of the pungent principle cqzaaicin. Stem in a COOI
dry place. PIooxc from fight.

Cxpsicum Oleoccain OJSP23)isan afcohrslicextzBcIof cap.
sicum. h is a dark red oily liquid. Soluble m cdcohol, in ace.
cone. in ether, in chloroform. and in volatile oils: anluble with
opalescence in fixed soils. Stnce in tirtight containers.

Capsicum baa a cazrrzinative action but it is mainly used exter-
nally, often in the fomr of capsicum nlmxcsin, as a counter-
iccitam. However. preparations of czpsicrznz and capsicum
oleoresm can be VCCYirritanf. Cicpsaicin (P.28), che actwe in-
grcdiem of capxicum. is ~SO ~d in tOpic~ prePmafiOns in
the rrmtment of painful skin conditions.
Copsicum is alan used in bonroeopathic medicine and in
mukery.

No acceptable daily intake was esmblished for Papcikl ole-
oresin w tie daily intake of this spice excmct was considered
to be aclf-1inritirrg.1
i. FAO/W’HO. Evalwmnn of cermm fcod addttives and con[am8-

nams: lhhry-dfth rcpon of UKJo!mFAOfWHOcxpcrr comm,t-
tec on food addkwes. WHO Tech RCIJSer 7S9 1990.

L

I t denotes ~ pRPUatlon no Ionger actively m~keted
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Swiss.

The dried beetle Carrfharis ve.ricamria ( = Lyfra
vesicaroria) (Meloidae) or other spp., containing
not less than 0.6T0 of cantharidin. Store in
airtight containers. Protect from light. Can-
tharides having mn ammoniacal odour should not
be used.

Adverse Effects. Following ingestion of can-
tharides there is burning pain in the throat and
stomach, with difficulty in swallowing; nausea,
vomiting, colic, bloody diarrhoca, and tenesmus;
renal pain, frequent micturition, haematuria:
chill, syncope, and circulatory failure. Toxic
effects have been produced by 600 mg, and death
by 1.5 to 3 g, though recovery has occurred from
much larger doses.
Acute cantharides intoxication in a 20-year-old man.—
A. J. Presto and E. C. Muecke, J. Am. med. Am.. 1970,
214, S91.

Treatment of Adverse Effects. Empty the stomach
by inducing emesis or by aspiration and lavage;
activated charcoal and sodium srslphate have
been recommended; give demulcent drinks freely
(but nor oils or fats) and morphine for pain; hot
aPPiicaJionst: the abdomen may relieve the pain.
The cwculat]on should be maintained by the
intravenous infusion of plasma or of suitable
electrolyte solutions.

Uses. Preparations of cantharides have been
employed externally as rubefacients, counter-irri-
tants, and vesicants. They should not be taken
internally or applied over large surfaces owing to
the risk of absorption.
Carstharides is used in homoeopathic medicine.

12518-q

Cantharidin (B.P.C. !949, B. Ver. C. 1965).
Hexahydro-3aa,7 aa-dimethyl-4&7 j3-epoxy-
isobcrtzofuran- 1,3-dione.
CIOH1204=196.2.

CAS — 56-25-7. rPharmacopoeias. i= -

Cantharidin is obtained from cmrtharides (see
above) or mylabris (see p. 1730). It occurs as
colorless, odourless, glistening crystals which
sublime at about 120”. M.p. 216° to 218°.
Very slightly soluble in water; soluble 1 in about
1100 of alcohol, 1 in 40 of acetone, 1 in 55 of
chloroform, I in 700 of ether, and 1 in 150 of
ethyl acetatq soluble in fixed oils.

Cantharidin was formerly used as a counter-irri-
tant and vesicant and was usually preferred to
cantharides since the strength of preparations
could be more readily controlled. Preparations of
cantharidin were used in hair lotions for their
rubefacient action. Cantharidin in flexible collo-
dion has been applied for the removal of warts.
It has also been used in veterinary medicine.
Owing to the high toxicity of cantharidin it is
recommended that preparations containing it
should not be used medici nail y. Adverse effects
and treatment are those described for Can-
tharides (see above). The fatal dose is less than
60 mg. ‘
For reports of fatalities after accidental poisoning with
cantharidin, see Pharnr, J., 19S3. 2, 467; L, C. Nickolls
and D. Teare, Er. med. J., 1954, 2. 1384: J. D. Craven
and A. Polak, ibid., 1386; M. A. L+cutier, ibid.. 1399.
A 42-year-old man took a !easpwrnful of a preparation
containing approximately 20 mg of cantharidin. He
developed symptoms -f renal damage which responded
to treatment includlng a magnesium sulphate enema and
hi h fluid intake of milk, Hydrocortisone pellets were

?cf ectwe against mouth ulcers.— R, D. Rosin, Br. med.
J., 1967, 4, 33.
An 18-year-old woman who swaltowed about 2 ml of a
preparation containing cantharidin (Canthamrre) dcve-
Ioped electrocardiographic changes indicative of myocar-
diai damage, in addition to local effects in the mouth,
throat, and pharynx, which res~nded to treatment with
hydrocortisone sodium succinate and with ampicillin,

given parenterally.— W. B. Ewart PI al. (letter), Can.
med. Ass. J.. 1978. 118. 1199.

Proprietary Names
Cantharonc /Seres, USA).

12519-p

Caoutchouc. Cautchu~ Elastica; Kautschak;
Gummi Elasticum; Resina Elastica; Rubber
(B,P.C. /934); India-Rubber.

CAS — 9006-04-6.

The principal constituent of the coagttloted latex
obtained chiefly from the trunks of Hevea brasi-
/iensis (Euphorbiaceae).
A yellowish-white to brown elastic material with
a characteristic odour. Almost completely soluble
in chloroform; partially soluble in petroleum
ether.

Caoutchouc is used pharmaceutically in the
manufacture of adhesive plasters.
Allergic contact sensitivity to thiuram compounds
(present in rubber) in patients in a haemodialysis
unil.— N. S. Penneys el al.. Archs Derrrt.. 1976, 112,
811.
Contact urricaria to rubber.— A. F. Nutter, Br. J.
Derm., 1979, 101.597.

12520-n

Capobenic Acid. c-3. 6-(3,4,5 -Tri-
methox yfserrzamido)hexa noic acid.
C1JL,N06=325.4.

CAS — 21434-91-3.

Ca@ettic acid is a vasodilator which has been
used in the prevention and treatment of myocar-
dial infarction and other cardiac disorders.

Proprietary Names
Cardiobiol (L.i~epJwrnra. Spain); Cardiobiomar (fllo-
Mar. Spain); C-Tre (scdium salt) ([N. Chenr. I/a/..
Ital.); Kelewtol (Migra. Arg.h Pectoris (Llorens, .$painJ;
Trifartine (Phoem”x. Arg,).

12521-h

Carazoioi. BM-51052. l-(Csrbazol-4-y loxy)-
3-isopropylaminopropan- 2-ol.
ClaH12N201=298.4.

CAS — 57775-29-8.

Carazolol is a beta-adrertaeeptor blocking agent.
Pharmamiogy of carazolol in animals.— W. Bartsch et
al., Arrrreimitte[-Forsch., 1917, 27, 1022.

Proprietary Names
Canducton (Klinge. Ger.).

12522-m

Carbadox. GS-6244. Meth 13-(quinoxalin-
2-ylmethylene)carbazate N’#dioxide.
C[IH10N404=262.2.

cm — 6804-07-5.

A yellow crystalline powder. M.p. about 245°.
Practically insoluble in water.

Carbadox is an antibacterial agent used in veteri-
nary practice for treating swine dysentery and
enteritis and for promoting growth.

Manufacturers
Pjizer. UK.

12523-b

Carbamylglutamic Acid. ~-Carbamoyi-L-
glutamic acid.
C6HIONZ05= 190.2.

CAS — 1188-38-1.

Carbamylglutamate has been used in the treat-
ment of hypcrammonaemia.
References to the usc of carbamylglutamate with argi-
nine in the treatment of hyperammonaemia.— C. Bach-
marm et af. (letter), New EngL J. Med., 1981. lJ4, 543.

i
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Pbarmacobgv Effectiveness against warts. is presurned.to reyh from the ?’;
tion” of the tumor as a consequence of its acantholytlc acuon. The Iytic MI
cantharidin does not go beyond the e-pldermal cells, the basal layer remaim~
and there is minimal effect on the conum; as a result, there IS no scarring b
cal application. ?~.i~

lndtions: “‘W
A vesicant for removal of benign epithelial growths: warts Oncluding ordinafi

gual, subungual and plantar) and molluscum contaglosum. x-d-a
Contraind@ons

.,
3

Diabetics or persons with impaked peripheral circulation; use on eyes, m&%l
branes, am-genital or intettngmous area:, moles, bm~marks or unusual w
hair growing from them, or if lesion IS being treated uwth other agents; if gl
or surrounding tissue is inflamed or irritated. ~,q

Wamin~ ;%
.4

V’esicmt propefiies: Cantharidin is a strong vesicant. Use sparingly. Do not us
genital area. Keep away from eyes and mucosal tissue: Avoid, use in inte~”g
sites due to problems with spreading and body occlusion which often lead
intense, painful reactions. ‘ “:X@

Cantharidin may produce blisters on normal skin or mucous membrane&
on skin, wipe off at once, using acetone, alcohol or tape remover; wash. @
soapy water and rinse well. If spilled on mucous membranes or in eyes;flw
water, remove precipitated collodion; flush with water for an addtiional ,15 m

Physician use (application) onl~ Cantharidin is a potent vesicant and s~$d’d
only by a physician. It is not to be dispensed to the patient.

“%/
Sensitivity Patients vary in sensitivity to cantharidin; tingling, burning o~>~

derness may develop rarely. In these cases, remove tape and soak the, a~~
water for 10 to 15 minutes; repeat as required for relief. If soreness pers@sf
ture blister aseptically, apply antiseptic and cover with bandage. Treat on$
two lesions on the first visit, until the sensitivity of the patient is knowtiEx
more intense reaction in patients with fair skin and blue eyes. Do not reapF
same lesion more than once per week Defer second treatment if infla~
intense.

3

>
Pa/pebra/ warn: Use great care if treating palpabral warts. Make ce~~~,$~

oughly dw warn patient not to touch the eyelid. ,; ‘ii

Pigmentation: Although rare, use care in the selection of site application’si
pigmentation changes may occur.

?!

,.i.2:;~j”
- ,-%(~

Pregnancy There have been no adequate and well controlled Studies m p%,,,

women; therefore, the use of cantharidin during pregnancy is not re
Lactation: Use in nursing mothers is not recommended. 7 ‘>!-:/,$’;

Adverse R--OK ““‘:%J-

Annular warts have occurred in some patients. These are superficial and p@
problem, although they may alarm patients. Reassure patient and trea~~<

!3There have been several reports of chemical Iymphangitis following LIse;O!,..
idin, one in combination with .saIicylicacid plaster. A case of extrerne.-pgl
tenng occurred after treatment of multiple axilla~ lesions. d

..
“’~,:5D*

Patient Informatbn: ,-..,;!~~,q
May cause tingling, itching or burning within a few hours afier appiicatiori~~

be extremely tender for 2 to 6 days. --’ :~;~
;~w,-w

[f spilled on skin, wipe off at once with acetone, alcohol or tape remover an.?
soap and water. 4

.-... .=.
.:.’fa’ ,

For external use only. if spilled in the eyes, flush with water and conta~i~h~

Administradon and Dosage

$

‘1
- t%

Ordinary and pariungual warts No cutting or prior treatment is required. APP..,
to the lesion and cover the growth completely, extending beyond by a~
Allow a few minutes for a thin membrane to form. Cover completely@
rous tape. Remove tape in 24 hours and replace with a loose bandage. On+l!
(1 to 2 weeks), remove necrotic tissue and reapply to any remaining W@

1[ second treatment if inflammation is intense. A sinale treatment frequen~$
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Pkmtar warfs: Pare away keratin covering the wart; avoid cutting viable tissue. Apply

to wart and 1 to 3 mm around the wart. Allow to dry, secure with nonporous tape;
application of a protective cut-out cushion over the tape may be helpful. After 24
hours, the patient may bathe and replace dressing. Debride 1 to 2 weeks after treat-
ment. If any viable wart tissue remains, reapply as above; 23 treatments may be
required for large lesions. For large mosaic warts, treat a portion of the wart at a time.
Applying cantharidin to open tissue will result in stinging from the solvent. Avoid
by paring carefully and scheduling treatments 2 weeks apart.

Mo//uscum cmtagiosunx Apply a very small amount of solution to only the top of each
lesion. Let dry completely. No occlusive tape or dressing is needed. Alert patient that
blistering is the desired result and that temporary hypopigmentation may occur.
The patient may bathe after 4 to 6 hours; sooner if discomfoti occurs. Blisters are
usually formed by about 24 hours and crust up in about 4 days. Mild discomfort or
itching can usually be controlled with bathing and night sedation. In 1 week, treat
new or remaining lesions the same way and re-treat any resistant lesions. This time,
cover with a small piece of occlusive tape. Remove tape in 4 to 6 hours, sooner if
discomfort occurs.

Note: Use of a mild antibacterial is recommended until the tissue re-epithelializes.

Rx Vew-cantfl Liquid 0.7’%.centharidin in an adherent In 7.5 ml. 2952
(Palisades) film-forming base of ethykellulose, cal-

Iosoive,castoroil, penedwn (Oclyl-
phenylpolyethyleneglycol),acetone

KERATOLYllCCOMBINATIONS

Rx Verrex Liquii 30% sdicylic acid and 10% In 7S ml with 1086
(Palisades) podophyllum in an adherent film- appkator.

forming vehicle of penederm
(octylphenylpdyethylene glycol), ethyi-
Cellulose, cello-solve, collodion, castor
oil, acetone

orc Gets+ lJquid Salicylic and, zinc chloride and In 12 ml. lW
(Oakhurst) collodion in 45% ether and -28’XO

alcohol
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and should not be used for long periods of time (57). The
FDA advisory panel concluded, however, that there was
no evidence to establish that zinc chloride contributes
significantly b corn-callus removal when combined
with salicylic acid compared to a single-entity salicylic
acid product. Thus, the zinc chlonde-salicylic acid com-
bination was classtied as a Category III combination.
Further, the panel was concerned about the possible
formation of zinc salicylate (pharmacologically inactive)
when these two drugs are contained in a product and
established that stability testing be undertaken as part
of the Category III testing (44).

Agents Used to Treat Warts

Ascorbic Acid Although ascorbic acid is essential im
the development of supporting tissue (collagen and in-
traceihdar ground substance) and healing, there are in-
sufficient data available ta establish its efficacy in topi-
cal wart therapy (38). The panel has recommended
further study of ascorbic acid before it can be considered
effective for nonprescription use (38).

Calcium Pantothenate Application of the alcohol
derivative parhthenol in various ulcerative and pyo-
genic derrnatoses stimulates epithelialization and allays—
itihing. There have been no reports of sensitization or
allergic reaction to topical therapy with pantothenic
acid or its derivatives (58). The use of these drugs in
adults and children seems safe. Topical formulations
contain 2-570 of the active pantothenic acid derivative.
However, there are insufficient data available on the
effectiveness of this agent.. Thus, the panel classified
calcium pantithenate as Category III (38).

Cantharidin Cantharidin is a potent vesicant avail-
able by prescription only as an ingredient of Cantha-
rone. For wart therapy, this liquid is applied lightly with
a stick or swab, allowed to dry, and then covered by a
piece of waterproof adhesive tape slightly larger than the
wart (41 ). Depending on the physician’s directions, the
bandage is left in place between 24 hours and 1 week and
then removed. The drug effects a separation at the der-
mal-epidermal junction and therefore the removal of the
epidermal-residing wart (35). Following the blister for-
mation, minor inflammation can be resolved with tap
water soaks (35).

In approximately 7-14 days, a blister, often hemor-
rhagic, which has formed will break, crust, and fall off.
At this time, the physician debrides the dead material
with fine-curved iris scissors (50). Since the effect of
cantharidin is entirely intraepidermal, no scarring en-
sues.

A disadvantage of cantharidin is that, on occasion,—
annular warts may develop at the blister periphery (24).
In addition, since this method is considered dangerous,
it should be performed only by a physician or podiatrist
and never by the patient at home (50). However, a suc-
cessful trial of cantharidin treatment of warts at home
has been reported (59). Application of the occlusive tape
was omitted from the instruction to simplify the process

and produce fewer reactions. This mode demonstrated
an easy, safe, and reasonably effective means of treating
warts. To help facilitate correct application of this prod-
uct, some investigators advocate that the product be
colored by the addition of some green food coloring dye
(35).

Podophyllum Podophyllum resin (in concentrations
of up to 25%) dispensed in compound benzoin tincture
or as a solution in alcohol is effective in the treatment of
condyloma acuminatum (genital warts). Podophylhun
should not be prescribed for inclusion into a flexible
collodion vehicle because of the collodion’s occlusive
nature and the possibility of enhancement of the drug’s
percutaneous absorption. It is a cytotoxic agent that
arrests mitosis in metiphase. This caustic and powerful
skin irritant is available by prescription only for short-
term use. It maybe reapplied every 4-7 days, generally for
2-4 weeks, depending on individual response and any
residual chemical irritation (22). In 24-48 hours after
application, lesions become necrotic, and in the following
days, begin to slough off and gradually disappear.

The primary toxicologic problem associated with the
use of podophyllum resin, aside from its topical irritant
qualities, is peripheral neuropathy when it is absorbed
percutaneously into the systemic circulation (60). Podo-
phyllum should be applied only in small amounts by the
physician. The patient should be instructed to wash off
the podophyllum preparation with soap and water
within 8-12 hours of its application. Because the usual
delive~ system is a low-viscosity suspension (com-
pound tincture of benzoin) or tincture (alcohol), the
solution tends to run onto adjacent tissue, causing dam-
age. This risk may be minimized if white petrolatum or
talc is applied to the healthy surrounding skin before the
podophyllum preparation is applied to the wart (22, 35).

Podophyllum resin for vulvar warts in pregnant
women shouId be used cautiously, if at all. The topical
application of podophyllum applied five times for 4
hours each from the 23rd to the 29th week of pregnancy
was suspected of causing terat.ogenic effects (61). Be-
cause of this encountered difficulty with podophyihnn,
and to prevent the possible development of laryngeal
papillomatosis in the neonate after delivery, the physi-
cian should consider using cryosurgery to remove the
venereal wart or deliver the neonate by caesarean sec-
tion (18). Podophyllum should not be used on hemor-
rhaging skin or where an extensive skin surface area is
involved. These conditions increase the possibility of
percutaneous absorption. Because podophyllum is a po-
tent corrosive, it should not be used with other kerato-
Iytic agents, such as salicylic acid.

Miscellaneous Prescription Drugs Used to !f%eat
Warts Other prescription drugs used fairly success-
fully in treating warts are the antibiotic bleomycin sul-
fate (B1enoxane) for recurrent or recalcitrant plantar
warts, tretinoin (retinoic acid) for flat warts and plantar
warts (62-64), and fluorouracil (65). Although bleo-
mycin has not been approved by the FDA for wart treat-
ment, evidence indicates that bleomycin’s effectiveness
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—.
is due to the drug’s selective inhibition of DNA synthe-
sis. In addition, local injection into the wart results in
hemorrhagic necrosis secondary to microthrombosis,
which is followed by a gradual reduction and detach-
ment of the wart (66). Theoretical objection to the use of
bleomycin for warts stems from its ability to interfere
with DNA metabolism and induce skin cancer (67). One
report indicated the appearance of nail dystrophy fol-
lowing the injection of bleomycin into a periungual wart
(66). Results with tretinoin and fluorouracil therapy are
variable and, in those cases that do respond, it has not
been determined whether the disease ia simply taking its
natural course (41). Idoxuridine 0.25% ointment dem-
onstrated efficacy in the treatment of six women sufFer-
ing from condyloma acuminaturn (68). The drug was
applied twice daily for one week. No side effects were
observed and there were no recurrences in these women
three months after followup. One precaution however,
with idoxuridine ia that it has induced congenital anom-
alies in animals and thus ita safety for use to treat geni-
tal warts during pregnancy remains in doubt.

Adjunctive Therapy

In addition to nonprescription products, self-therapy
measures include daily soaking of the atTected area
throughout treatment for at least 5 minutes in very

_——_ warm (not hot) water to remove dead tissue (24). Dead
tissue should be removed gently after normal washing.
Skin should not be removed forcibly because further
damage could result. Sharp knives or razor blades that
have not been properly sterilized should not be used to
cut dead tissue becauae they may cause bacterial infec-
tion. A rough towel, callus file, or pumice stone effec-
tively removes dead tissue of corns and calluses. Petro-
leum jelly should be applied to the healthy skin
surrounding the affected area to avoid accident-d appli-
cation of corrosive products. This precaution ia espe-
cially important in cases where poor eyesight increases
the chances of misapplication.

To relieve painful pressure emanating from inflamed
underlying tissue and irritated or hypertrophied bones
directly underneath a com or callus, patients may use a
pad such as Dr. Scholl’s with an aperture for the com or
callus. If the skin can tolerate the pads, they maybe used
up to 1 week or longer (69). To prevent the pads from
adhering to hosiery, patients may wax the pada with
paraffin or a candle and powder them daily with a hy-
gienic foot powder. If, despite these measures, friction
causes the pads to peel up at the edge and stick to
hosiery, the pharmacist may recommend that patienta
cover their toes with the forefoot of an old stocking or
pantyhose before putting on hosiery (69).

Patienta should be advised that if at any time the pad
begins to cause itching, burning, or pain, it should be_——_
removed and a podiatrist should be consulted. The phar-
macist also should advise the patient that these pada
will provide only temporary relief and rarely cure a com
or a callus.

To avoid the spread of warts, which are contagious,
patients should wash their hands before and after treat-

ing or touching wart tissue, and a specific towel should
be used only for drying the s.ITected area after cleaning.
Patients should not probe or poke the wart tissue. Foot-
wear should be worn in the case of plantar wats. If
warts are present on the sole of the fret, patients should
not walk in bare feet unless the wart ia securely covered.

Product Selection Guidelines
Corns and Calluses
There are no clinictd studies to indicate whether pre-
scription-only products are superior to nonprescription
products. Conclusions are baaed only on subjective phy-
sician evaluation reports (2, 9). Salicylic acid in a plaster
or collodion dosage form appears to be the most effective
treatment for coma and calluses. Some studies advocate
the use of a 50% silver nitrate solution, applied by the
physician, followed by weekly applications of 40% sali-
cylic acid plasters for corns (7, 9).

Bunions

If the pharmacist recommends the use of topical adhe-
sive cushioning to alleviate the pressure on a bunion,
instructions should be given on proper use. Before the
protective pad ia applied, the foot should be bathed and
dried thoroughly. The pad then ia cut into a shape that
conforms to the bunion. If the intent ia to relieve the
pressure from the center of the bunion area, the pad can
be cut to surround the bunion. Precut pads are available
for immediate patient W. Constant skin contact with
adhesive-backed pada should be avoided, unless under a
podiatrist, or other physician’s recommendation.

Warts

Opinions about the best wart treatment vary from nitric
acid for plantar warts to cantharidin preparations for
common warts (41, 70). The findinga of the FDA advi-
sory review panel on nonprescription miscellaneous ex-
ternal drug products clarified the effectiveness and
safety of nonprescription drugs (38, 53).

In an evaluation of four plantar wart products, a
dimethylbenzylammonium &bromide solution (CaUu-
solve paint) was leas effective than either a 50% podo-
phyllum resin-liquid paraffin preparation or an estab-
lished salicylic paint [salicylic acid-lactic acid-collodion
preparation (1:1:4)] (34). A flexible collodion was used as
the control preparation. The study also showed that the
basic treatment for simple plantar warts ties about 6
weeks, and the cure rate was fastest with the salicylic
paint. It was concluded that the treatment of plantar
warts with a salicylic acid-lactic acid-flexible collodion
mixture was enhanced when the application method
was understood and was carried out under a physician’s
supervision.

The salicylic acid-lactic acid-flexible collodion prepa-
ration used in this study was safe and effective in chil-
dren and adultq no incidence of hypersensitivity or
systemic involvement were reported. Podophylhun also
was used with no acute reactions, but it was under the
direct supervision of a physician, and the therapy was
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Norcantharidin is the demethylated form of Cantharidin, which is the
active ingredient of the blister beetie, Mylabris, a long used Chinese
traditional medicine. Though not well publicized outside China,
Norcantharidin is known to possess significant anti-hepatoma activity, and
is relatively free from side effects. In the present study, glucose oxidation in
tumour and liver tissue slices harvested from hepatoma-bearing animals
was quantified by measuring the radioactivity of 14C-labelled C02
released from 14C-glucose in oxygen-enriched incubation medium. Results
were expressed as a tumourfliver ratio. For comparison, treatments with
Norcantharidin, Adriamycin and with hepatic artery ligation were studied.
The mean tumourfliver ratio was 4.2 +/- 2.2 in untreated controls, but
dropped significantly to 2.3 +/- 0.5 (p < 0.05) with intra-arterial
Norcantharidin (0.5 mg/kg) and to 2.3 +/- 0.7 (p < 0.05) with intra-arterial
Adriamycin (2.4 mg/kg), and to 2.2 +/- 0.7 (p < 0.05) with hepatic artery
ligation. However, with intravenous Adriamycin at 2.4 mg/kg, the mean
tumourfliver ratio was reduced to only 3.5 +/- 2.0 and was not significantly
different from untreated controls. It is concluded that intra-arterial
Norcantharidin is as effective as intraarterial Adriamycin and hepatic
artery ligation in suppressing tumour glucose oxidative metabolism. These
result simply that Norcantharidin may have a role to play in the
chemotherapy of primary liver cancer.
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.—. A. INGREDIENT NAME;

CYCLANDELATE

B. Chemical Name:

Alpha-Hydro~-, 3,3,5 -Trimethylcylclohexyl Ester (9CI), BS 572, Capil~ Ciclospasmol,
Alpha-Hydroxybenzeneacetic Acid 3,3,5 -Trimethykyclohexyl Ester,, SancyclU Sepyro~
3,3, 5-Trimethykyclohexanol, Alpha-Phenyl-Alpha-Hydroxyaxetate, 3,5,5-
Trimethylcyclohexyl Amygdalate, 3,3,5 -Trimethylcyclohexyl Mandelate, Methylcyclohexyl
Mandelate.

C. Common Name:
Arto-Espasmol, Perebral, Saiclate
Cyclobral, Spasmione, Spasmocycloq Spasmocyclone
Cyclospansmol
Benzenenacetic Acid, ClandiloA Cyclandelate, Cyclolyt, Cyclomandol, Cyclospasmol,

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay 99.8%

E. Information about how the ingredient is supplied:

A white to off-white amorphous powder with a slight menthol-like odor and a bitter taste.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Cook P. and James, 1. Cerebrovascular Disease. NW EngL J Med 1981 ;305: 1508 and
1560.
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__—__ Young J. Studies on the role of Cyclandelate in Cerebrovascular disease. 13r. J
Psychzat, 1974; 124:177.
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Davies, G. Age andAgeing. 1977; 6:156.
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Brasseur, R. Ang”ology. 1978; 29:121.

Capote, B. and Parikh. J Ant. Geriat. Sot., 1978; 26:360,

Harding F. A. Angiology, 1978;29: 139.

Cunha-V@ J. G. Diabetic Retinopathy. Br. J OphthaZ. 1977; 61:399.

Cof%naq J. D. Peripheral vascular disease Nm Engl. J A4ed 1979;300:713.

Hester, T. O., Theilmaq G., and Greek W. Cyclandelate in the management of tinnitus: a
randoti, placebo-controlled study. Otokzryrzgol Head Neck Surg, 1998; 118(3Pt 1):
329-332.

Sauer, S., Schellenberg, R., and Hofinarq H. C. Functional imaging - first steps in an
objective quantitative classification of migraine. Eur JA4edRes, 1997: 29(9): 368-376.

Aparasu, R. R. and Fliginger, S. E. Inappropriate medication prescribing for the elderly by
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psychopharmacology of dementia–a new study design. 2. Cyclandelate treatment-a
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Diener, H, C. Migrainediagnosis, differential diagnosis and therapy. Ther Umsch,
1997; 54(2):64-70.

Diener, H. C., Fo~ M., and Iaccarino, C. Cyclandelate in the prophylaxis of migraine: a
randomized, parallel, double-blind study in comparison with placebo and popranolol. The
Study Group. In summay, cyclandelate has a comparable efficacy to that of popranolol.
Both drugs were better than placebo. Both active treatments were well tolerated.
Cephalalp”a, 1996; 16(6):441-447.
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10(1):27-35.
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retinopathy. Int Opthulmol, 1987; 10(1):3-9.

H. Information about dosage forms used:

Capsules
Tablets
Suspension

I. Information about strength:

1.6g daily
400 mg Tablets and Capsules
400 mg15rnl Suspension

J. Information about route of administration:

—.
Oral or Intravenous

K Stability data:

Melts at about 50-53°
Cyclandelate can decompose by hydrolysis to mandelic acid.
Cyclandelate capsules concluded that less that 5% of the cyclandelate degraded in 66
months at ambient temperatures.

L. Formulations:

M. Miscellaneous Information:

——

Page -3-
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BATCH NO.

DATE OF MANUFACTURING

QLMNTITY

P9CKING

DESCRIPTION

MELTING POINT

IDENTIFICATION

LOSS ON DRYING

10. RESIDUE (JN IGNITION

*

CERTIFICATE OF ANALYSIS—

CYCLANDELATE

279076

JULY 1s, 1996

150 KGS

HDPE DRUtlS

WHITE APIORP!+OUS POWDER HAVING FAINT CAMPHOR
LIKE ODC)UR & BITTER TASTE. FREELY SOLUBLE IN
fIETHANOL.

s6ac

PoSITIVE

0.27X (limit 0.5X}

0.050% (limit O.IX)

Q,11. ASSAY w .0%

‘-- 12. RESULT THE SN’IPLE PQSSES IN RLL TESTS.

,

DATE : JULY 18, 1996

FOR R.L CHEMICAL INDUSTRIES PVT. LTD.

a

wSATYf4 L GUPTA

TECHNICAL DIRECTOR

.. .

....’... .

- /

./ .- . -. . -. . .. . . -. ----- ---- ---

. . . .
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QUALI~ CONTROL REPORT

c~ICAL N= . :cYcMNDELATE

MANUFACW LOT NO. :279076

PHYSICAL TEsT

SPECIFICATION TEST STANDARD. :USP_/Bp_/mRcK_/NF_/wT. _
/co. sPECS. _.

I)DESCRIPTION. : WHITE POWDER.

2,)SOLUBILITY. :

PRACTIC=LY INSOLUBLE IN WATER; SOLUBLE IN LIPOIDS AND THEIR SOLVENTS;

VOLUBILITY IN MEOH 1/20 IS CLEAR.

3)MELTING POINT.:

MELTS AT ABOUT 50-53 DEGREES. /\

-_ 4)SPECIFIC GRAVITY.:

5)IDENTIFICATION .:
A) COMPLIES ’WITH IR AS PER COMPANY SPECIFICATIONS.

PASSES. :
FAILS .:

COhMENTS .:CYCLANDE~TE IS ALSO KNOWN AS MANDELIC ACID 3,3,5 TRIMETHYLCYCLO-
HEXYLESTER.

ANALYST SIGNA-. :
DATE. :

PmPACK TEST. : DATE. : INITIAL. :

mmXtT .: DATE. : INITIAL. :



—
------------------ IDENTIFICATION -------------------

PRODUCT #: C9260 NAME: CYCLANDELATE CRYSTALLINE

CAS#: 456-59-7
MF: C 17H2403

. SYNONYMS
(- _~.F,

~&
BENZENEACETIC ACID, ALPHA-HYDROXY-, 3,3,5-

TRIMETHYLCYCL XYL ESTER (9CI) * BS 572 * CAPILAN * CICLOSPASMOL *

CLANDILON * CYCLANDELATE * CYCLOLYT * CYCLOMANDOL *
CYCLOSPASMOL *

DILATAN * ALPHA-HYDROXYBENZENEACETIC ACID 3
3,3,5 -TIUMETHYLCYCLOHEXYL

ESTER * PEREBRAL * SAICLATE * SANCYCLAN * SEPYRON * SPASMIONE *
SPASMOCYCLON * SPASMOCYCLONE * 3,3,5 -TIUMETHYLCYCLOH=ANOL

ALPHA-
PHENYL-ALPHA-HYDROXYACETATE * 3,5,5 -TRIMETHYLCYCLOHI=YL

AMYGDALATE *
3,3,5 -TRIMETHYLCYCLOHEXYL MANDELATE~

------------------ TOXICITY HAZARDS -------------------
RTECS NO: 008200000

MANDELIC ACID, 3,3,5 -TRIMETHYLCYCLOHEXYL ESTER
— TOXICITY DATA

ORL-RAT LD50: 5 GM/KG NIIRDN 6,310,82

IPR-IL4T LD50:2570 MG/KG AIPTAK 105,145,56

ORL-MUS LD5O:>1O GM/KG NIIRDN 6,310,82

IPR-MUS LD50:3780 MG/KG AIPTAK 105,145,56

IPR-DOG LD50:2000 MG/KG AIPTAK 105,145,56

ORL-GPG LD50:3950 MG/KG AIPTAK 105,145,56

IPR-GPG LD50:2480 MG/KG AIPTAK 105,145,56

REVIEWS, STANDARDS, AND REGULATIONS
NOES 1983: HZD X4828; NIS 1; TNF 42; NOS 2; TNE 457; TFE 234
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
BEHAVIORAL (ALTERED SLEEP TLME)
BEHAVIORAL (ATAXIA)
LUNGS, THORAX OR RESPIRATION (OTHER CHANGES)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION.
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, TNGESTION, OR SKIN ABSORPTION.

-.
MAY CAUSE IRRITATION.
MAY CAUSE FLUSHING, TINGLING, SWEATING, NAUSEA, GASTRO-INTESTINAL



DISTRESS, HEADACHES, TACHYCARDIA, FEELING OF WEAKNESS
TARGET ORGAN(S):
SMOOTH MUSCLE
VASCULAR SYSTEM
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED.

FIRST AID
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS.
CALL A PHYSICIAN.
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTH.TNG AND

SHOES. CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR, IF BREATHING BECOMES DIFFICULT,

CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING
——-

THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
-------------------- PHYSICAL DATA --------------------

APPEARANCE AND ODOR
SOLID.

------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------

STABILITY
STABLE.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
CARBON MONOXIDE, CARBON DIOXIDE

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

.-=
--------------- SPILL OR LEAK PROCEDURES --------------

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED



.=.

WEAR PROTECTIVE EQUIPMENT
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE.
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSHM4SHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
MECHANICAL EXHAUST REQUIRED
CAUTION
AVOID CONTACT AND INHALATION
TARGET ORGAN(S)
SMOOTH MUSCLE
VASCULAR SYSTEM

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



–.=

NytUrb Hy4whkdc Takfets (U5.P.). Tablets wntain-
ing bupheninc hydrochloride, S!~re in airtigjxt Conlajn.
crc.

Propaietaay Na-
Arlibidc (US Vtrcxndn, A/g,/; Ar[idin (US V. Cmmd,i
US V Pharmaceu:icaf Corp., USA). Bdcdm fCcdo.a,
Neth.); Dilamt (Tropon. Ger,); Diiydrin (kfedichemie,

Swifz.)i Ophm (Bayropkarm. [In!.); Penitardon (Wcrlm.
Ger.k Pcxvadil (ICN, Caned.). Tocodrin {Mrdichrmie,
Swil z.).

Buphcninc hydrochloride was formerly marketed in
Grca( Britain undsr IIas proprietary name Pst-tfilatal
Forte (Smith & Nephew Pharmoccrmcals),

92 15-s

Bwta4mine Hydrochloride.LA 1221. A’N-Dibutyl-
W-(3 -phenyl- 1,2,4-oaadiasol.5 -yl)ethylenediamine hydro.
chloride.
CI,H,MN40.HCI=352 .9.

CAS — 22131 -1S-7 (butalarrrtne); 36974464 (hydr@
chloride).

A while crystalline powder. M.p. 135° to 141’. Sokak&
I in 7 of waler, 1 m 10 of alcohol, and I in 2.S of
Ctdasoforrrr.

Bucatamine hydrochloride is a vaxodilatos which has
been given in Ihc treatment of peripheral vascular di~
Or’rkera.

Pra@amry Nmmea
Adrcvil (Zyma, Grr.h Hcmotrops (Andromaco, Arg./;
Surem (CEPA, Spoin); Surheme (Aron, Fr., SPrxsm,
[Iut.j.

9216-w

Bmtoxyetbyl Nl~tiasate. 2-Butoxyethyl nimtinale,
C12HI,N01-223.3.

CAS — 1391Z-8U.

Eutoxyethyi niwtimte is a topicai vaaodilator wad, in n
mncentration of 2.5%, in rubcfaeient ointments.

Propr&tory Preparat&aaa

SeeunderMethyl Niwtinate. p. 1626.,

92i7<

Ceticdl Citrate. 2-(Perhydroaxcpin. I-yl)ethyl a-cyclo-
itexyl-a-(3-thicnyl)acctate dihydrogen cttrate monn-
hydraw..
c20H,lNo2s,c+Hflo,, H:o=5597.

CAS — 14! 76-IG4 (ce!irdd), 16286 -69-4 (citra!e,
mrhydrous)

Ceticdii citrate is a vasodila!oc which hm bn givm in
the treatment of peripheral vascular diaordcrs.

After imravmoua injec!ion of radioactively Iabclled
cetiedil, 50% of the doac was metabolised within 5
minutes, and after I hmr only itrbsllcd mstabotit- were
recovered rrom the urine. Ceticdil WM also shown to &
rapidly metabof ised after administration by mouth. and
after tint pass through the liver nxtly metabolltea wo”id
enter the general circulation [t was conclud~ [hat lh~
melataoliw.s of ceticdii were active as inhi~tion of asliva
accretion persisted when ecticdil coold no longer ba
detseted in plasma---- A M. SostcrEoek et al.. Eur J.
clin, Phormac t 977, 12, 205

Asthma References to bronchodiiator activity of ce!mdil
citra~e. J, Orchek ●r al., Nouv Pressc mid 1976, S,
I S77; Y. W Cho et al.. Im 1. rltn Pharmoc Ei~
pharm 1978, 16, 402,

Peripheral vascular dirordrrs. An evaluat ton of cd iedil,
admims!ered intravenously. intramuscularly, or by
mouth, in the trcatmmt of peri hcral vaacular disord -

rers.– R. Barbc t.r al . C/iw Trio s J, 1980, 17, 20,

Proprietary Naaaxc
Stratcne /lnnoth#_ra, Fr ; Slgmorau. /Ial }.

9218-i

Cbrosntraaar Hydrochloride. Carbmromen Hydro-
chloride; A27053: AG 3; Casacila 4489. Ethyl 3-(2 -die-
thylamirwthyl)-4-mcthy icoumarm-7-yio.xyacctstc hydr~
chloride
CNHZ,NO<, HCI = 35’79.

CAS — 804-ltE4 (chromonor)’ 65$354 (hydr+
chhwidt).

A while crystalline powder with a bitter taste M p
about 159”. Sofw6tc in water, almhol, and chloroform.

Chromonar hydrochloride is n vmodilator which has
km uacd in the prefrhylaxia of angina pcctoris.
Fnr reports or pharmamlogical studica, sac R E. Nitz
and E. Potmch, Arznxiw”ttel-Forsch.. I%3. 13. 243: W.
Imchncr and H. Hircha, /bid., 251; H. J. Breiachnmdcr
et al., ibid., 255.
Absorption, blood concentrations, ●nd excretion of ch-
monar.— Y. C. Martin aml R. -G. Wiegand, J. phazm.
Sci., 1970, 59, 1113.

Cadiec dirardcra. A multiomtrc double-blind cmaaover
stud y of 187 patients with angina pmoria who rccekved
chmmonar for .9 weeks (79 patimra)or 12 weeks ( 108
pstimts) at a dosage of 150 mg !hri= daily (73
patienta) or 225 mg thrice dally (114 pticnra) demon-
itratcd signikmtt prevention of ●ginai anacka by the
iowcr doac, and improvement in alsack-rate and glyxryl
trinitratc requirement by the higher doaa aithough the
higher dcu failed to show any advantage wcr placebo
when !hc glywryi trinitmle requmcraxent WM mmidcraf
aiomc.— R. J. Bing et al.. Clirx. Phtwmm Fker., 1974.
16, 4. See alao H. dell er al., ibid., 1968.9.40

Further rcfcrwtca: G. F.aumn er al, Thdrap/e, 1975,
30, 185; E. Schravcxa, .4rzneimitrel-Forsch., 1976, 26.
197; E. Schravcn e[ of., ibid., 20(1 R. Sirbul-cu ●t al.,
ib!d, 204: N. N. Kipsidze and G. M Kikava, i&d.,
}976, 26.882.

Pr@ctary Nsaaea
Antiangor /LSM. Iral.); Cardiomp (Fidia I:al.L
Cromene (Schor~r, ltal.L intensain (Casrello-Riedel,
Belg.; Diamant, Fr.; Cassella-Riedel. Cer.; Pierre\, Ital.;
Jap. .lfoehrirtger Monrxhetm. S. AJr.; AlbcrI-Farnta.
Spai~ Casse[la-Riedel. Swiiz ): intenaacsom (Albrrr-
Farma, Spain).

9219-y

Citacpax.etMalcate. Cincpazic Acid Ethyl Ester
Maleatc. Ethyl 4-(3,4,5 -trimethoxycinnamoy l)piper-
azin- I-ylacctatc hydrogen malm,tc.
C10H1,NIO$,C4H404 -508,5.

CAS — 2348741-4 (cinrpozr:); 5067947-7 (ma/rate)

A whItc pwdcr. M,p. 130”,

Cincpa?Xt maleatc is a vttsodilator which has been used
in the ttca!ment of angina pectoris.

Absorption and fate of cinepazet in man. Most of a doac
glvcn by mouth wos eliminated w!thin 24 hours. 60%
being excreted m the urine. The major metaklitc was
cinepazic acid ,— L, F Chasscaud CI d., Arzne/m if.
tel-Forsch., 1972, ?1, 2(X33

Proprietary Namea
Va sconl (Dekx[cxnde, Befg.; Dela/andc, Fr.; DeMande,
Ital.; LMalande, Swtz. ).

—

9220-g

Clncpazkde Makte. 1.(pyrrolidin- 1.ylcartmnylmc-
thyi).4-(3,4,5-[ rimcthoxycmnamoy l)pipcrazinc hydrogen
maleatc.
C2:H1, N,0$,C4H,0, -S33 6

CAS — 13887 -46-9 (cinepazlde], 2632844-1 (malea(e/

Cincpazide malcatc is a vasojilator which has ken
given in ~riphcral and cerebral vascular diaordcrs and
in mronary insufticicncy
Pharmacology in animals —— B Pourrias et al, Th&.
opie. 1974, 29, 29 and 43

ProprletnfyNamti
Vavxtistal {Delolande, Fr ; Lk.io[onde, Ital . Delalonde,
Swir: I

922iq

S%ri&ol. Clobc.furol. a-( Bcnzofuran-2-yl) -a-(4
chiorophenyl)mm hanoi.
C,iHl,Ci01-258.7

CAS — 361! -72-1.

A white odourlcxs crystalline pnwder M.p. abouI 48°.

Cloridarol has bmn given in the prevemion and trcat-
mexat 0[ cornitsry insufficiency.

hprketaty Na-
Cordium (Massonr, Arg.); Menamr (Mrnarlni, Ital ):
Menoximr (Mrmvini, Spain/.

9222-P A

CAS — 456-59-7,

A white to ~ hous powaler with a
$~ght menthoi-like orkour and a bitter t~ste~,p.

w-. un stotastc It may subiime into s
crystalline form rcaemkij ng c4M& wool.
Practically ksaaoiwbk in water. solubie 1 in about
I O( aicohoi and 1 in about 2 of iight petroleum;
very soiubie in ether and other common organic
advents. Stsaavin a moi piace in airtight ccmtain-
ers. Protect from light.

Adverse Effects. Nausea, gastro-inkstinal dia.
treaa, or flwahing may foliow high doses of

3JKJ!$ effeeta rqsorkxl include tingling

Toxicity of cyctartdclmc was low. though with large
dcua there mi ht kxs flushing, tingling, nausea, or
headache.- T ~insor and C Hytxmn, Chn. Phanrmc.
Ther.. [%1, 2.652,

Treatment of Adverse Effects. in severe over-
doaage the stomach ahouid be emptied by aspira-
tion and iavage. If necessar

?
the circulation

should be maintained with m uslons of suitable
clectrol ytca, and if neccaaar y by vaaoprc.vwrs.

Precautksk Cyciandelate is contra-indicated its
the acute phase of a eerebrovascuiar accident.

Uaea. Cyclandelate is a vasodiiator used in the
treatment of czrebrovaacuiar and
vascuiar disorders. 1
1.6 g daily in divided dosca. .

Actim Animal studies into the mode of action O(
cycisndeiatc. A. B. H. Fuackc er a/,, Curr. med. Res
0 imiorx, 1974, 2, 37 (brain glumsc uprskc); G van
~11, Curr. nwd. R?,. Op,nion, 1974.2, 21! (coiiaieral
vesaai formstlon).

Cercbrrmwamfw disease. Several double-blind studies of
cyclandelatc have shown improvemcni ,n orientation,
disturbuf behaviour, and voeabu[ary without improve-
ment in self-care, recen[ memory. or mood. Ncverthc-
Ieas, the overall results are inconsisten~, and improve.
menu in clinical and psychological tests arc not alwayx
matched by useful chan8cs in !he activities of daily liv-
ing — Br. med. J.. 1978, 2, 348. See alaa Drug & Thrr
Bull., 1975, 13. 135. Further reviews: Meal, Lz[f 1976,
/8, 38; P. Cook and 1 James. NCW ~‘n&/. J Med., [981.
j05. 150~ and 1560.
Individual rcpnrts and studies on the role of cyclandel. i[c
in eerebruvaseular dises~ ~1 al . Br J Psy
,-Ai”r lQ7~ / 74 I 77 ~_ f+~[] f ~,n (&rfa, SW,. .... . . .. . .. . . .. . . .
1976, 24, 41; G Davies et~fl and Ag~ng, 1977, 6,

;:::-” J ‘
m Geriat Sm., !977. 2S,

~j. An: Geriat. SW., 1978. 26~360: G.
IOIW, 1978, 29, 121; B~

-B. Msbrrore, bid., 133,
in ●l al., An&”o/ogy. 1978, 29, “139; L. Sour

Diabetic retimapathy. In double-blind randomlwd
b[nco. rcfmal barrier was

assessed in 22 diabetic Pa:lents. without rctinat involve-
ment, by vitrmus tluorophotometry after the injection of
fluorcaccin, II was considered that dctcriora!ion of ~hc
blood-retinal barrier, an early sign of diabetic retinopa-
thy. was delayed in the third month in those patients
gwen cyclandelatc 400 mg four times daily for 3
months. Long-term studw< were considered 10 be indi-
cated. – J, G Cunha Vaz L=(cd , Br. J Ophrhd 1977.

J

.-
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Dysacemwrhoe* Over a Fcriod 0( I 5 years. 60 women
with spaat-nodic dyamenorrhoea had &en treated with
cyclandclatc with cmtsistently good results, SW mg daily
in divided d- was given for J days before the
expected date of menstruation and for the firs! 2 days
of menstruation.— D Kerslake (letter), L?r. med. J,
1973, 2, 614,

Psrip&reI rarrnta, diaeaxe. A review of drugs used in
ttw management of peripheral vascular disease, irrclud.
ing cyclandelate. There is no mbatantial evidcncc IO
recommend the use of cyclandelate in peripheral
vaxwlar diaeasza— J, D,_ New EI@ J Med.
1979. .fOO. 713. Furl CT rctr.rcncax R E Fremottt, Am
J. med. Sri. I%4. 247. 182: T. Reich. J. Am. GerioI
sm., 1977. 2s, 202.

Proprieta~ Prcp9ratiosts
=N;~i n?. UK). Cyclartdelale, available as cap

Cyc~xaok ~grocodts, UK), Cyclandelate. avaitalzle sz

‘%R%;’:H’:%2%%%’’;ZE%R:: :ac ,
Cyefoapasmol in A~., Bclg,. Cord.. Denm., Fr,
Neth.. Norw S AJ,., SWIIZ,, USA).

Otkr proprietary Nmsex
Arr*Eapssmol (Span), Cicloxpssmol (JIuL}, Cyel&
rnandol (Swwd }; Spasmoeyclon iGcr /: Vawdyl (Spa[n/.

9223-s

Di-isopropykramoatium Dkbloroacetate. DIPA:
D1-ixupmpylaminc Dichlomc;hanozte; Di+aopmpylaminc
Dichlocoacetate,
C, H,,CI:NO:- 2301.

CAS – 660-27-5.

Crystal! with an odottr of chlorine and a slightly bitter
tzs!c, M.p 119° to 121°. Sakrble I in less than 2 of
water; very aotublc in alcohol and chloroform.

Di-izoprctpylammomum dictxloracetate is a v~xodilator
whreh has been given in the lreatment of peripheral and
cecebral vascular disorders.
A review of the pharmacology and thcrapwtic effects of
di-isopcopylammonium dichbcoscetale.— P. W. SIaO
@e, J clin. Ph.rma... 1%9, 9, 282.

Pcoprkemcy Namex
Cubd (Piam, lrul.); Dedyl (Difrex, Austral.: Houd&
I.S.H.. Fr.); Diedi (Arms, Belg : ISF, ltal ; Seber,
Spain); Kalodil (Fid~u, ftul ); Nemaxcocil (Stifa, /Irz/./,
Nwtrieor (L/owtr, Spain); Vaaculene (Von Eoch, /Ia/.J.

9224-w

Dikzep Hydrochtorisk. &sa C 489S. Perhydro- i .4-
diazcpin-1 ,4diylbis(trimcthylene 3.4,5 -tri-
methoxybenzoate) dihydrochloridc.
C,, H,,Y:0,0.2HCl =677.6

CAS — )5898-87-4 (dilazcp): 20153-98-4 fh,vdro-
chlcwdr)

Dilazep hydrochloride is a vaacdilatw which has been
given in the treatment of coronary insufficiency and
angina pcctoris.

Pharmacology in animals — D. Leukc tr al,, Arzrtrimm-
fcl-Forsch 1972, 22, 619. Toxicity studies in ard.
reals,— H H Able er a/., ibid,, 667; H,%hricwcr and
H. M, Rauen, ibid, 1455
The myocardml blood flow was mcazurcd in 5 psticnrs
with cathetcriaed bt-cs given dhzep and found to be
iocrezxed after dosez of 160 to 310 Mg per kg bcdy -
we,ght. — I Henscl et a/ , Ar:n#imtfre/-Ford! 19?2.
22, 652, Ewden= of coronary vascular icatmn Induced by
dilazep in animuls — G. Schmidt PI al., ibid., 663,
Metalwli~m — E. Schatzmloffel and R. PriSnttz, Arznci-
mitkl.Forsch., 1972. 22, 1651.
For a series of papcrz on the pharmacology and uae of
diktzep in izchaemic hcan diseaac, ccc Arznamtllel-
Forwh.. 1974, 24, 1651 10 1926.
The effects of dilamp on blwd platelet aggrcgat~on —
F. Kuzuya, Arzneimlrtcl-Forsch 1979, 29, 539

Propdesary Ntmea
Cormehan fAsra, Gtr.: Schennt, f[ol 1, Komctian iJap ~

9225-e

Diltiszem Hydrochloride. La[iazcm Hydrmhloridc;
CRD.401. ci$-( + )-3-AceIoxy-5-(2-
dimethylaminoethy l)-2.3-dihydro-2. (4-methoxyphenyl)-
1,5-benzothiazcpin-4 (5 H)-onc hydrmhloridc
C23H:.N)0.S, HCI=451 o

CAS — 42399-4 /-7 (dilriazem). 33286-22-S (h.rdr&
ch/oridr\

A white odourlcs$ crystalline powder with u bitter LSSLC.
M,p about 212“ with dscompxition. Freely aokubte in
water, chloroform, and methyl alcohol; slightly soluble
in dehydrated alcohol. Protectfrom light.
Dilfiazem hydrochloride exists in 2 trysts Ilinc forms:
priamz and ptata.— K. Kohno el al.. Arzncimtltel-
Forsch., 1977..27, i424.

Diltiazcm hydrochloride is a vasodilalor which has be-en
used in the management of arsgim pmtoris.
Anfnta/ pharmacology studies of diltiazcm: D, Sai[o et
al., Ar:rteimItfel-For$ch., 1977, 27. 1669; Y Ito tf al..
fJr J. Phnrmac,, 1978, 64.$03.

Cardkc dicardera. Anp’mx prctoris. References: R.
Kuzukawa et al., .4rzmeimi!tel-Forsch. 1977, 27. 878; 1.
Nakayama, /nt J c[in Pharmac Biopharm.. 1979, 17.
410.

Harr Jaf/tcre. The effea of diltizzcm hydrochloride on
codium diureai~ and renal function in chronic congestive
heart failure.— M. Kkwxhitx et UI, Arzncimitfe/-
Forsch.. 1979.29, 676.

Hypeglyearrah Diltiamm hydrochloride 44 mg given
intravencnraly over 2 hoorz to a woman with hypogly-
cemic attzcfca due to an ittztdirroma reduced insulin
secretion for the first IO minutes brat alao redwed the
blood-glucose concentration. A time or 180 mg daily by
mouth for I $ days reduced the frquettcy of attacks. —
H. Tanigachi c{ al (letter). Lwtcer, 1977, .? 501.

Proprietary Nacws
Herbesxer /Jap.); Masdii (Esrrvr, .Spoin/.

9226-1

Dlpyridsmoie. RA S. 2,2’,2’’,2’’’-1(4,8.
Dipipcridinopyrimido[ 5,4-dlpyrimidine- 2.6-
diy[)dirtit(rilo] tctracthanol.
C24H@N~0, = 504.6.

CAS — S8-32-2.

An odorless., intensel yellow, crystalline powder
with a bitW7 taste. &[utions have a yellowish-
bhte fluorescence. M.p. about 163”.
Very slightly sohsbk in water; soluble in chloro-
form, methyl alcohol, and dilute acids; slightly
soluble in acetone; practically insoluble. in erher
and light petroleum.

Adverse Effects. Gastric disturbances, diarrhsrea,
headache, dizziness. faintness, and skin rash may
occur after adminis[ra(ion of dipyridamole. Some
patients experience facial flushing and a bitter
taste after imravenous injettion. Rapid intraven-
ous injection of dipyridamolc may cause a lower.
ing of blood pressure. espsxially in patients with
hypertension. Dipyridamole can also induce
angina in some patients.
Alopecia. A 38-year-old woman with ihe haemolytic-
uracm]c syndrome initially treated with s!reptokinasc
and heparin. was subzqucmly treated with aspmn 3 II
daily and dipyrid.amolc 300 mg dally Alopecia during
[rcatmcnt mlghl have been due 10 dipyridamole.— J A
Utting and D R. Shrecvc, Br. med J 1973, 2. 591
E#rcts on ihe hrmx Comment on the role of dipyrt-
dammle in myccard~al cctrtt]graphy, including mention
that a ralher unexpected effect of distal coronary vaso-
dilators is angina, which may bs rcverxed by glyceryl
mintwatc or, In severe caxea. aminophylline — Lancct.
19110,2, 1346

Precautions. Dipyr\damole should bc given only
with care to patients w]th hypolension and should
not be given [o patients with hypaension follow-
ing myocardial infarction.

Intrrsctioax In 24 patients with glomcruloncphritis who
were stabilized on miher war farin or phen!ndionc. dip rI-

-7damole In dam up [o 400 mg daily did not at CC(
prothrombm actIvI[y [t was recommended tha~ when
djpyridamole was used the prothrombin actwnty should

b ‘a’ntai”da’‘h’““r‘d”*f‘h’‘hcravu’ic‘a”g’m order m avoid posmb e blecdmg comphcatmna due to
the slight anticoagulant activity of dipyridamole.— S.
Kaiuwskl and P. Kincaid-Smith, Med. J. Atc$f., 1973.2,
164.

lnterjerrace wirh diagnostic tests. Serum from a patient
inking dlpyridarnolc gave very high readings when lipop-
roteins were bcmg measured by ncptselomctry. Dipyri-
damole imparis a yellowish-blue fluorescence 10 aOlII-
tionz and could interfere in other laboratory tests invol-
wng fluoresce= or nephelome try measttremcnta.— K.
Wiener (letter). Lartcet, 1981, 2. 6)4.

Pregaaxcy and A wo-tc. A ywrzg woman with a
prosthetic hem valve wac succeaafuoy managed
!hroughoo! pregnancy with the aid of dipyridamole and
dclivcrcd ● heal!hy infant.— R. Ahmad rr a/ (letter),
J!#raw, 1976, 2, 1414. Se dso Y. Bialc cf a/. (Ieuer).
lnrtcel. 1977, 1, 907.

Absorption JCU3 FWC. Dipyridamofe is readily
a bsorbcd from the gastro-intestinal tract. It is
concentrated in the liver and is mainly excreted
in the facces. Excretion may bc delayed by reab-
sorption. A small amouni is excreted in the urine
as glucuronide.
For a study suggesting that blttd-dipyrida mole concen-
traliocts below 3.5 wnol pcr Iitrc may rzol be effective in
suppressing platelet function. xee under Cardiac Disord-
ers, 6CIOW

Uaea. Dipyridamole has antithrombotic activity
and is used in conditions where modification of
platelet function may be beneficial. For this
pwposc the usual dose is 100 mg four times
daily before food increaaed if necessary, to
600 mg daily.
It has also been used aa a vasodilator in the
long-term management of chronic angina pcctoris
in usual dosca of 50 mg ~hrice daily. [t has also
been iven by slow intravenous injection in I

?dose o 10 to 20 mg twice or thrice daily.

Actiga. Evidence LO suggest that the ami(hrombotic
activity of phoaphodjcmrsze irthihimrs. such as dipyri.
damolc, depend upon the activation of platelet ●denylcy -
claae by ptentiation of tmdogcttoua proatacyclim— S
Moncsda and R Korbut, .@tcet. 1978. 1, 1286. Com-
mcn(s.— D, F. Horrotxin er al. (Icttcr). ibid., 2.270: A
K. Pedcrzen (letter), ibid. ftt viwo studiex pointing to an
effect of dipytidamole ort prmraglaodin metabutism in
platelets, which mighl provide ●rt additional cxpfanation
of its actwily az an inhibitor of platelet function. — L.
C. Best C( #f. (letter), /&id.. 846. In vitro tests indicating
that inhibition of tbrottrboxartc $Ynthctsxe cannot expla)n
the antithrombotic effects of dlpyridanrolc — S. Mon-
cada #f al. (letter), ibid., 1257. Fhdin a indicating that

fdipyridarnole has an inhibitory ef cd on platelet
aggrcgauon, dcpendcm on albumin but indcpendctrt of
prmtac clirt and thrmnboxanc.— K. A. Jargertsen and

f+E, SIO crzen (letter), ibid., 1258. Da!a sugqcsting that
the maxt Imprtant mechanism of action of dlpyridamole
might be cnhanccmcm of the effects of prmtacycl in.
G. Da Minno et al (letter). ibid
In a study revolving 10 healthy sub)ezts dipyridamole
8 pg per kg body-weight pr minute. infused for 2
hcwrx, induced an irtcrca$e of prcmacyclm release, pro.
bably by a direct effect on the metabolic pathways of
arachidonic acid.— G. Mawtti eI ccl. (letter). hnccr.
1979, /, 1412. A study in 4 hcatthy subjects utdlca~ing
that dipyridamole ingestion appeared to diminish rather
than crrhance the effect of prmtacyclin (and other pros-
taglandins) as platelet-aggregate inhibitors in human
platelet-rich plasma. These findings do not sup~rt the
hypothesis that the antithrombotic ac!ion of dipyr!dam-
OIC IX cawed by enhancement of pla!elc! aggre~ate

:h$:’t,::),’?;;’atin$ ‘rmucyc’’n”-- G ‘“i ‘i”””., I9 9, 2, 701, [n 10 Juvende.onset.
mauhn-dependent d[.zbetics, dipyridamolc signific.sn~ly
decreased {heir raised Iaanu cmtccntrat!ons of LLthrom.

ktmglobulin without a ectlng metalxi)c control Thm
mtght br basut on enhancement or release of prostacy -
clin.— G. Schernthaner C( al. (letter). ibid 748.

Cardicc dizorders. For the role of dlpyridamole In the
preventmn of myocardial infarction, we Aspirin, p.242.

Cardtoc surgery Dipyridamolc was cortsidercd to rcducc
:he Incfdence of thromtw-cmtmtlc episcxlcs during the
year following heart-valve rcphemem In a study in 70
patients, 27 were gwen dlpyndamolc 400 mg daily and
36 a placebo, starting 10 to 14 days after operation. Ail
patients received warfarin sdium. There were 11
thrombo-embollc epIwdes among the patients receivtng
placebos but none among thmc conhtruously taking
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Precautfonm Prdooged uee of antihiotim may prom{
the overgrowth of no~ ptible organiama, If Xuperinf
tion omura during thempy, appropriate mmauree
&en.

should

Ilv~NANW Pregnancy Category B. Reproduction etud
wr performed in mi= and mm at daaee up to t

~humeri d= and bve re~~ no e~dena of i

P. .ertility or harm to the fetue due to cyclacillin.The
are, however, no edequate end well-controlledetudiee
p-t women.Bacauaeanimal rept-oihdon nud= ~
not ahaya predictive of human rrapnaq this drugshould
oeedduringpregnancyonly if clearly needed
NUR91NG MCYIWERSIt ix not known whether thie drug
excretwd in human milk Becauae many droge are excreti
in human mu caution ahordd be exercised wheo cyclacill
ie dminie@red to a rturatng woman.
~Raaetform llreoreleddnime tian of Cycblciu
m ueoedy df-tolerated
Axwithother penicillins, untoward reectioctc of the eeasiti
ity phenomena era ~ely to omur, perticukrIY in irtditid
ale who have previously demonetreted hyperaenaitivity 1
panidlinaor intlxnewith ahietoryofrdfergy, x~
fever, or ~
‘l%efollowimgedveree reactione have been reported with tk
me of Cyclacilh diarrhen (in appmf.matdy 1 out of 20 p
tienta treatadk naueea and vamiting (in approximately 1 i
50), and ekio reeh (in approximately 1 in W). Iealakd u
atmtcee of haedeche, dizrirrea& abdOti pain, va@niti
md ‘urtaria have bean reported. (See WARNINGS.)
Other Ie&requent edveree reactionx which may occur en
thathavekm reported during therapy with other penici
line are: enem@ tbmmhocytopeti thmmbocytopenic pm

P- leokoP=t@ neotropenk% and eoeioophiiia. Tba M
tione era ueually rewraiile on diamntiouetion of therapy,
Ae with other eemieynthetic penicillin, W elevation
have been reported.
Dosage ad A&dnh&atiom
[See table on preceding page].
I%tienM with Rend Failure
Baaed on a doaaswof600 IOKq.id., the followingadjuatmen
~ doeegw~te~ b recommended

Patieotewith a creatimineclearanceof >50 mUrninnea
.— daege intewal edjuatmenL—

ma with a craatinine cfaerance of 30-50 mlhnir
receivefull daaeeevery 12 houm,

Atawith a creatinine clearerm of between 15-3f
dhnin ehoufdreceiveMl dawa every 18haurw.
Petienti with a creatinine clearanm of betwwanl~lf
col/minshould mcaiveW d- evety 24 howa.
tn petierttewitha cmatioine clearanceof S 10ml/min 01
serum creatfnine veluae of > 10 cog%, aemm cychwillfr
levele em recommended to determine both ~uent
doaege end frequency.

How Supplfed Cyclapen-W@ (cyckillin) tahke art
available in the foUowing etrength,w

250 MS, NDC C4MS-0614,yellow cepmhheped scored
tablet embomed with ‘lWETIT’ md ‘614”, eupplied in
bottlee of 100 tableta.
5m mg, NDc oo0a0615, yellow Capeufeeheped scared
tablet emboeA with “WYETH” end “615”, eupplied in
Imttlee of 100 tab)eta.

The eppaamnce of Cydapen-W tableta ie a regiatemd &ede-
merk of Wyeth Lebomtoriea.
Keep bottfea tightfy Ck)eed.
Oiepanee in tight oontainere.

WPem-W (W~lin) fOr oral euapeoeion ix available in
the following stren@s

125 mg par 5 MI. NDC 000S-05P9,white to pinkish-white
powder supplied in battlee to make 1~, 150, and 200mlof
mapenaion.
‘Wmgper 5ml, NDC000&HW,white to piakiah-whita
powder eupplied in battlea to make lCO,150,and ZX)ml of
empeneion.

Shako wail before uaing+hep tightty ckoeed.
After recanetitutlng, ●s direcmd an the gachge label, etora
under mfrtgemtbn. Diecard ●ny unuad pardon ●fter 14
deye,
Raferen-
1. BA~ AW., KIRBY, W.M.bL, SHERRE, J.C. end
~ M.; Antibiotic Testing by a Stander&red Singte
P %thad. Am.J. ClimPathol.4:493, M66!Stendmtixwd

,amptibility Teeq FRDRQAL RMHSITR 37 :zs%27-
.
2. .onal Comari* for IAo* Staati, .4p
pa’ Stidard-2; Perfo-ce Stendmda for Antimicm
bid DiscSuace@bilityTeats, 1976,
3. EIUCSON,E M, and SHERRE, J.a AntibioticSensi-
tivity Teatiug Repart of en In@ma&mel Collabararive
Study,A~A Pethol Microbialscan~ ~ B217, 1971.
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CYCLOSPASMOU3
Ccdd‘apoa%d ]
Cychdelata)
hpeublableta

%mpoaktiorc Each blue and red capmde contaiaa 400 mg
rydandele~, and each blue capeuie containa 2f10 MS. of
Iandelare. Each om~ tablet romaine 100MS.cyclen
rite.
)aacrfpdom Cyclandelete ia a white emorpboua powc

w’@ a f~t menthol-ue odor. It iaslightlyeolublein v
er end highlyeoluble in ethyl almhol end organic soiven
*lendelete hex the fOUOwingstructural formulm 3,5
riraethykyclohexyl rnandelete.
ktfom CYCLQSPASMOL k an OldY actina va.ecdik~
‘be ~ty of thie drug, ae m~-by pl&rMcologic
?dtX@lLet ~arioua ~ Ofxmootb-muec]eEpUSmproduo
Ye=wl~o~e. ~s andbariumchloride,came
@of ~peverine,perticrdarly in regard to the rteurotrq
>mponeot produced by the ecetylcholine. Cyclandelate
maculotmpic, acting directly on vemrlar anrooth mud

nd hns no eignitlcamtadrenergicatimufetingor blti
xioae.
hedrug ianot intended to eukitute for other apprapria
Ideal or aurgkcal pmgrama in the treatment of periphen
. Ceretwal Veecular dieeaee.

Indfeatione
Bawd on a review of this drug by the National Academy
of Scien~Natioaal Reaeamb Council amd/or other
information. FDA has c~ified the indicatiooa ee fol-
Iowx
“Podiy” effectivw CYCU3SPASMOL ix indicated for
edjunctiva therapy in intermittent cteudicatioo; erte
riomkrmia atrliterenx thrambophlebitia (to mntrol
ae$ociatad vaampmm end muacuiar iachemie~ rmctur-
nal leg cmmpq Raynaud’s phenomenon and for w
lected ceeee of iachentic cerebraI vascutar rfiaeaw.
Ffnal cladfcation of the kae-than+ffectfve inrticationa
mquirea further imveatigetion.

mraindicetkmx CWLCSPASMOLix contreindiceta
cexa of known hypereeaxitivity to the drug.

_ 1. Q*dek should be oaed with ~1
Wien in petiente with eavere obliterative coronary erte~
mw.bral-vrwular diaeaeq since there u a poaeibility the
* diaemed exeea may be mmpromieed by vemdilatoq
&Xxtithe drug eleewbem. 2. UaeIn Pregnancy The aefe~
@a.ndelete for uee during pregnanq or lactation ha no
m eadJiab4 therefore it should not be ueed in pregnan
menorirt women ofchiMb&ngage ord~inthejurfg
titofthephysician, ita ueaiadeemed absolutely antia
the wwlfare of the ~tierk 3. Although no prolongation o
ding time baa been demonstrated in humane in them
itic &aagea. it be been demonstrated in animala at veq
ge dcmea Therefore, the hard of a prolong+ blti

time ahceddbe carefully mnaidered when ~ti
*delete to a patient with accivebleedingor a bleuiiq
tendeoq.
Prwcsutiorw since CYCL@3PASMOL (CyChlO&blte) ix $
mecdamr, it should be used with caution in petienta haviq
flaumrml
Adveewe Raactionm Geatminteetimd dietmea (pymaia, pain
arid erucmtian) may occur with CYCLOSPASMOL ‘f&w
SYMPCUM IXCW -uerrtly md are usually mihi ReIiel
can often be obtained by taking the medication with meala al
by the ammmitaot me of entacida.
Mild fluelA beedech% feeling of weakneee, or tachycerdb
MXYOCCSU.my during the M weeke of adminhm
tion.
Doeageaad~ “ m It ix ORenedvaarsgermetc
initiate therapy at higher dmage; e.g.: 12L01SO0 tog. per
&y, given in divided b before me-ala and at bxjhe,
Wbenaclinical reapongatino@tid_ can bede
crmeed in 2MLras.decrement umtil the maintenance dmege
ie raackd- The ueuel -tenMce doeage of CYCLOSPAS
MOL kyclandelete) ix between 4!0 and ~ mg. per day
givenin two ta four dividedd-
Althoughobjectiveeignaof thempeutic benefit may be mpld
aad dramatic, more often. thie improvement occum gredu.
ally owr weeks of thempy. It iaatmnglyrecommended that
the petiem be educataf to the fact that prnlonged uae may be
~. shal%term uee of CYCLOSPASMOLk ~iy
teneti nor ia it likely m be of any permanent value
How .9uppIieek400MS.blua end red capiee in bactteeof
1(XJ.end m and Climpak@, Unit DoeeMedication,lCfl
=X @ S@MOf5).200mg. blue cepmke in bmt.leaof
100,WO,and lm and Chnipak@,Unit D&wMedication,
100c- CXletrip of5k l@lmg.orangemhlecsin bottlee
)f 103and 5C0.
Litaretnm Availabfe Y=

[Cir.3U1627/14/S0]
Skertm Roduet I &r@cdaa .%chon, ~ 411
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DIPHTHERIA AND T~ANUS E
TOXOIDS
[dif-the ‘m-ah and&t ‘ah..w ~k IWW ]
ADSORBED (PEDIATRIC)
●luminum phaephate ●deorhed,
ULTRAFI N ED@I

Description Antigeneadaarbed on aluminum phmphete.
Prvaervative ia 0.01% thimermal (mermny derivative.
How Suppliaci Vinia of 5 ml; and 0.5-MLTuem@ Sterde
Cartridg*Naedle Units, pmkagea of 10.
Forp-eacribing informahon write to Pnrfkqwonai %mcc, Wy.
eth Ldc.rotorieq k 6299 Phi fadelphk PA 19101, w mn-
tactyourfamlWjeth reprmentotitz

EQUAGESIC(3
[ek %x-je bik ]

6B

(mepdernate with aepirird

De4crfpiiorx Each tilet of Equegmic mntaina 20) mg
meprob=mete and 325 MS aepirin.
Actkonm Mapmbamate ia a mrbenrate derivative which
hae hewn ehawo Cm animal sad/or human studies) to have
effectsat multiple sitec in the central nervous ayatera. in-
cluding the thelamua and Iimbic syetem,
AeP~ *~@c acid, ia a nonoarco tic eneJgeaic with
entipyretic end ant’”unfkmmatory properties.
Indfcetiorm ACan adjunct in the short-term treatment of
pain amompertied by tension end/or anxiety ia patienrs with
muecrtloekel~ diaeaee. Clinical triale have demoaacmted
tit in th~ Situntiorta relief of pain is somewkt ~wr
then with aepirio alone.
The et%ctiven~ of f?quageaic in long-term uee, that u more

than 4 montbe, hae not been aeeePs4 by systematic clinical
eturfiee. The phyeicien ehould pericdid y reaeaem the uae-
fuhmaa of the drug for Che individualoatienL
fhltratndfcdforii!
ASPIRIN
Allergic or idiceyrrcmtic reactione to eepuio or redated mm-
paunde.
MEPROBAMA’fE
Acute intermittent porphyria end allergic or idiosyncratic
reactione to meprobamate or related mmpmn& euch ea
*PIWJOL mebumata. or cmbmmaL
Wemfqp
ASP5W+
Seiicylatea should be used with extreme caution in penente
with peptic ulcer, eethma, coagtdation abnormeliti~ hyp
prothmmbinerr@ vitamin K deficiency, or in thaae on anti-
Ccegulemt therapy.
Iarareinatancea, t,lteue.eof~ti incer90rra eller-@ctO
eelicylata may result in IiWhr&tening”allergicepixfxles
MEPROBAMATE
DRUG DEPENDRN~ Phymical dependence, Pychol+cal
dependence, and ebuee have omurred. Chronic intoxication
from prolonged ingestion of, usually, grea*r-th,an-recom-
mended doeee ix manifested by a- slurred aped, and
vertigo. Therefore, careful euperviaion of dcae end amaunte
preacrihed ix edvid, ax well ae avuidanm of prolonged ad-
rniniatretion, eapecielly for alwholica end other paxiente
with a known pmpeneity for taking exmeaive quantities of

Sudden withdrawal of the dmg after prolonged end exces
sivc uae may precipitate recurrence of preexisting aymptoma
euch ae anxiety, anorexia, or ineoti% or withdniwaf reac-
tiooe euch ea vomiting, a- tremors, muecle bvitching,
mnfueiomd st.e~ ballucinceia, and, rarely, convuiaive eei-
zurea. Such eeizurea are more likely to occur io perwans with
centrel-nemma.eymtem daanege or preexistent or latent mn-
vulaive dieordere. Oneet of withdrawal symptoms mcum
usually within 12 to 4S houne efl.er diwontinuetion of mepre
bnate; eymtptoraa usually ceaae withinthe next 12-@ @
hour peri(xf.
when excemkvedoaege hea mntimucd for weeks or monthe,
doaege ehould be reduced gradually over a period of 1 to 2
weeks mther than abmptly atopped Alternatively, a aho*

_ ~ItuMte may be eubetituted, then gradually with-
drawn.
PvmwALLY HAZAIW3US TASKS Patienta should b
warned that mepmbamete may impair the mental or phy+i-
Cal ebiitiea required for CWrfO_m of DO&I~y -.
oue taska, such-ae drifi or opemting machinery.
ADDITIVEEFFECTS, Since CNS-auppreseant effecra of
mepmbamate and elmhol or mepmbemace end other py-
chotmpic druge maybe additive, appmprime caution should
be exercised with patienta who tie more thanone of these
agents simulmeauaiy.

USAGE IN PREGNANCY
ANO LACTATION

An increaeed risk of ~ial maIfomatjo”= ~~~
with the uea of minor trerquilizera (mepmbamaca. chladiaz-
egaxid*, and diezepem) duriq the firm trimeeter ofprag-
nancy hee been ●ug~ i“ aevarwI studiee. ~- _ ~
thae drugs is remfy ● matter of UPCY, their uee during

Continued on next ~
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Prec8utio= Pm-longed use of antMXica may promo
the overgrowth of noneuacepdble o)~a If $uperinfe
tion omun during therapy, appropriate mesauree should 1
Laken.

.- PMNA.Nm -q (k~ry B. RCfldUCdOn atudi
‘mbeell#O~edillti~ andrauatdaeee upmu

s the human doee md have revealed no evidence of u
# ferdlity or harm ta the ferua due @qckillk. The]
are. however. no adequate and mallacttmi.led studier i
pregnant women- Bacauee arimd repcoduCLioct scudiea ~
not alwaye predictiw of h~ =TPmSe. u * *OW ~
used during pCWlAOC7 Ody if Ci=dy nti
.XU’BSINGMOTHERS: It ie not known whether cbia dncg
rmmtedin ttumAnmilk- Bacauaemenydrar3a areexcreu
in human milk. caution shouldta exercki whencyclacdfi

edmbimered to a musing wOmaa-
&rareeRaecdox TheOrald AdaaOfcyckiui
ie generally well-tolerated
Aawith other pemicilfb. antowmd reutiorta of the eeneiti
ity pkmrmrnetta are Uk.aiy to mccrr, pedcukly in igditil
ala who haw prwioualy demoaarnwd hypmeaaititity t
peakfffneor inthmerntb ahiecoryofallergy, _ba
fever, or ardceria
The following edveme re=tione hew been reportt with tb
use of cyclacilk tihee (in approximately 1 out of ‘3J p
cianu Cratd), nausea and Vmttiting fii approximately 1 u
33), and akin reah (in appmmcmwdy 1 in 60). Iwlat.ed ic
acAncee of hdache. dinitteM, afxfominel @ct. ‘?aginitil
and urtkarm have been raporwd. (See WARNDJGS.)
Other b9-fraqueot edveme reacdalu which may mcrar ml
thm have beat reported during therapy with other penicil
Una am anemia, thmmbac7copeaia. tbrombocytopwnic pm
ptu% ltip~ meutrof=aih md eminophilia. ‘l%- ~
cioaa nre uaualfy reversible on diamntinaation of thempy.
Aa with other aeroieyathetic pencciltim SOOT elevation
hme bean mpnrt.d
Dcxmge and AdmirMmdom
@ table 0. precedng page].
I%tienb with Renal Failu.m
Bed on a doaaga of S00 % q.i.d-. the following adjuatmert
~ ~ ~t8ti & ~mmend~

Padenrewith aueadninaclaaraace of> 50mUminaeae
- ao domge iaterd OdjOS&O~L

‘TtierarawEh a cmxinine ckearenceof 30+Y3Oluti
auldreceiw fuUdaesewr71Z hoan.

.-atieraoawith a creadmine cleamnca of bacwaen154(
ml/minahould rec4wet%.U dcuaeevery18 houm.
Patienm with a craednine cIearanca of between 10-1!
adkin ehould receivwfuUdines awry 24 harm.
to patknu with a creatinine cleamnca of < load/minol
smutncreecininewlu aaof>lOm g%, serum cyckiUh
lewla are remnmended to determine bath mbaeqaen
doeage aad frequency.

Ho. Suppkietk Cycfapen-W@ (cydadid table- an
awilable in tie following 9treagths

250 rng, .NDC 000B@14, yeilow qmubahaped ~
tabletembaaeedwith ‘W?’13F end “614”, auppued U
botcka of 1(XItahlem
XKJ rng, .NDC 0006-0615, yellow cqwukhaped smzwe
ablet embmaed with ‘WYIHH” and “615”, SUppiied u

bocdm at- 100 bblem

me ma--= of Wf=n-W ~le~ ~ a ~~ ~
mark of Wyeth taboramnea.
K- t+nmteetightiv doeed.
Oieenrraein *M mnmlnere.
Cycfapen-W (cycfecillin) for od saapenaion ia avdable ir
the following strengths

lZ5 rag per 5 ml, .NDC W06-O-599,white to pinkialkwhiti
pwder wppiied in bottka r4 rnab lm,150,and2fXJ1Aa
SUSpt!CMiOL
250muoer 5mL.NDCOOCW6C0,white to piakiab+rhite
pawdeitippkd in bactka to ra&a lCO,MO-and ~ ntkof
Suspeaaion.

Shekm w811 before ww-Kem dohdv ~
After ruonedtudrrq.a edlrecredacr dre~lahai.atnre
unda? reftivamdnn. Oieard ●v W- gordarr ●tter M i

dew. !

hfaruncl!=

1. BAUEIL ..LW.. KIRBY. WM-M., SHHUUS, J.C. aad I
_QJRCX. M: &@riatic T% by a Stan&did Singie I

c .Methad. km J. C’inPachoL45:493.1966.%n~ !
%acepuirility Tem FEDEML REGISTERJ755%’-

SYCLOSPASMOL@ 1
Crcfdkpaa“d ]
CyClmdelatel

Xmpeitiom Each blue and rcd capauie cantaina W mg. (
yclandelace, ~d each blue capaule mnwna ZOl q. of q
hmielace. Each orange tilet mncaiaa 100 q. cyckod(
ace.
)eecriptiorx Cydandaleta ia a bite amorphauep=de
wving a fainLmenthol-ti odor. It iadightly solublein wa
er and highly soluble in ethyl aimhol and organic solvent!
~cfandeiaw & the foifawing structural fomtti 3.5~
rimethylc@oheayl mandebxe.
b2tioM CYCL.CSPASMOLk anOdY X wsodihtm
%e acritityaf thisdrug,aameeauradby pharmacolcgi=
r9u againac various typ ofaaaOacb-moacleepaamprcdam
y acetylcholirmhisamine, aad barium cblarida, exad
bat ofpepa-e, ~Y itaregard b the neum~p~
ompanenc prc&2ecl by the acecylcholiaa Cyclaadelar4 i
meculotmpi~ accing directly on macular emoath muscle
nd has no ai@icant adrenergcc acinndatiog or blcxA@
cciona.
ha drug ia mx intended to auhtuce for other lppm~
Iadicalor suqxd pmgrame in r.beQuUcnent of perrphera
r cerebral vmcular dkeaae.

Idbdone
Baaed on a review ofthia drug by the Nadonai Academy
of Scian-.Nacionaf Raaeamh Council aadfor ocher
ktformatiom FDAbaadaaaifiedthe iadicationaea fol-
Icnvm
“P-iblf’ eHectiw CYCLQSPASMOL ia indicmd for
adjunccive ●&erapy ia intermittent cbtudicerimu arw-
rimclemaca obliteraaw thrornbaphlehitie (to mntml

h~ ~ *d muamler iecherttix nccnar.
ad leg cmmpx R+maud’s pknotaenom aad for =
Iactad- d iachemiccerebral Waculardiaaeae.
Fd cbsf5cation of the l-ban+ffecdw indhtioaa
raquirea furdmr investigation.

ontrakndicado- CYCLOSP.4SMOLia mnueidkec
1~ of knownhypamensitivity@ thedrug.
‘- L Cydandelateshouldbe mad with aauenu
utmnu ~ra mtb severeahiitmadvwm- arm-f
. Cemhr’ai-vmcukardieeeae,sinceCbemiaa pxalhli~ Lhel
mediecmwdareeamaybemmpmmiaed by~
kcu ofthe dmg elaewkre 2 Uae In Pmgne~ The aaferj
.c@aarfela@ for ueedaring pregnancy or ktedon baa w
ten anabhahed tlrerefore, it should noc te ueed in ~1
omen or in wamen Ofcttiidbellr@ a@unlwA iractLejudIJ
@at of the pil- ib oaa u tied abOOIUtdy aeMtldd
I the weifare of the pcianL 3. .~tbougb no prOkIU@Ott al
aedingdme tibeendercmaecmmd inhum.em imrbre
XNicdreagaitbaab eeadamOrMrated inarlimabac?erf
rge dma Therefore, the hazard of a pmloagwi hloed@
me ahoaid b mrefuily mamdered when ~
rclandelare m a parient with aacve bleeding or a bheziirq
dency.
mcaudo= since CYCLOSP.ASMOL(cydamlelnrd ie a
racdilatar. it ahauld be mad mth caution in patienta itariq
Auarna.
dverae ~uGmiarewinaldiacmea ~pyrmia,@n
Id erucradaru may omur with CYCXOSPASMOL Tbm
m-aqndydm ueuaUyaukLBel&
mOfteabe Obcainedby @kiagthemedbtian withmealsrx
f che cnnmmcmnc uea of ancaccda.
UId fluab. ~ feeling of weakn~ or tachm
myorxur, es@a.llydurrng the 5.racweeksoid d
ml.
ocageand.$~ ““ Ciow It ia oftm admntaquacau
idace therapy at higher @age e.g: lZB161Mm.g W
Y,@-ti_ dmeabiore meala andacbedtinw
benaclimczi rqxmeeiaaouxi.theda aage ma bede
mad in2C0.mgdecrement until the rnaintenan~ -
reached The usual mamr.enarr= dceuqe of CYCLQSPAS
OL (c@am@a@lie becween40)and6Wmg. perdrt]

given in twom four div-idd dines,
.Uthougb ohjeaive signs oftbempewic benetit may be rapu

I

I

I

and dmmarx - arlem chia impmvcmenc m @
aily over weeas of ●&rapy. It ia euougly recommended chac
the paficnt tweoucmxi ti the face *L pmionged me ~ be
ncmeaaq. >~rm w of fXCXXPASMOL % -y
bntzikial nor s it likely m ‘be of any pernranm t Vaiw
Ho. SUppti& 4CXImg. blue ano red cipsulea m mcuaa ar”
100. anti w Mlo C“PaK@, Liruc Dcee Me&anmL Lm
capmkac 2Ds=z0fsJ.mmg”due qmulcalrlbmxieaac”
Ica m, ana UJx ma Cbnlpars! Ualt Ike M ““ c
1(XIca~ra (27_ W-fi, 100q. oranqe -tiiem m ~
m“lcotim
Literatm-a Avdsbk Yes

[&. 33162 7.’14/80]
.ShOwnw ?rOdMtf&@M~ kCmn, pxyr4il

DIPHTHERIA AND TFYANUS B
TOXOIDS
[d@he’mah orrd tet ‘ah-nus tak ‘said ]
ADSORSEO [PEDIATRIC)
aluminum@wephareadaorbed.
ULTRAFINED@

-o= Anr&ena adaarbad on alummum pbaphm.

Preaamacive m 0.01% t.bunercaal (mercury derrvetive).
How Supplfe& Vi of5 ml.; aad O.&n.l. -(O SteriIe
Carwid@eedle Units, packagmaf 10.
For~birag in@mntion write b Rofeawd servax R+
eth Labara~ Bm 6299, Phi fadelphLa PA 19101, or con-
tnct pur ford W.wth mpmenfatiw

EtlUAGESIC@ @8
[ek“uwje ‘d ]
(~ M* wfi~
kcripttocc Each tablet of, ~uagemc cattcaima ZOOrag
mepra&mat8 and 325 q aapmn.
Mm ~* u a c=bamaw derivative whi*
bat been shown (in animal and/or human ecudiea) to have
effecra et muftiple ai~ in the central nervaua syecam, in-
cluding the Cbalamua and Iintbic ~acem.
.&piaia. ecacyiaebcyic ecd ie a nonnarcotic adgesic mth
anLipJratic and an rory properda
Indk#fnw Aa an edjunct ia cbe short-term creetmenc of
@n eccompemiedby teneionsod/or anxiety in patienta with
❑unccakmkektaldiseaae. Clinical triala have demoaatrawd
that in these eituetinna relief of pain ia eomewhac grenter
than with aapirin alone.
Thee&rtiwa em OfEqQic in long-term W. that ia. mom
cbaa 4 montba, baa not &en assescd hy eysmnauc clinical
studies The phyeiiatt shaukd periodically masses the u5.6-
fuiaem of thedrugfor the mdividaal patierm
Conm9tmUadocts
AsPIRD+
AUer@ or idiosyncratic reacciomr m aapirin or mimed com-
pmccck
MEPBOBAMATE
Amce intermitteac porphyria aad allergic or idimsy-amric
rwackaa to mepmbamate or related compmxcds, mch aa
~L mebumce. or carbmrosd.
Wemhgm
.4SPIMN:
g ehauldbe uaadwith ercreme cauaoa in patienrn
mth pe@ic ulcer. aethma, coagulation abnormalities, hw
prdmnbkemia. vitamur K deficiency, or in thoee on anci-

&t ~P7.
Inrareinmmea, theme afaeptiinperwa9 rdlergicta

=&Ym~t in Ufe-rJtreeWIing .aUergic epiw.iea.

DRUGDEPENDENCEPhysicaldependence,pycholqical
depdence, endabusehaveuxurmd.Chmaic intoxication
fmrn ~loaged ingwtion of. uauaily, graater-than-remm-
mendadd.xrs ieman.ifeated byaw.xk slurred speezh. and
‘fet’dm ~e=fm’e. careful supervision of dnae and amounta
prumiked ia dviead. ae weif aa avoidaacw of ~longed ad-
~u. -Y for almholim and other patients
mth a knowo pmpeaaity for taking excesaiw quantities of

Suddenwithdrawal of the drug afkr prolonged and exces
9ve uaa may precipitate recurrenra of pr-wxM4g 9ymptmna
such - aariacy, anorexia. ar iommaie, or witbdrawd reae
tione & ae vomiting, ataxia, tremors. muade heitching.. .
mamaamd sLate3. beilucinmia. and. rarely, mnvulaive sel-
-Suctr aeizwee aremore !ik.elycocaurin prwaawith
m~m _ or PM=*QC or latent mn-
TUlailc dieoc’ders Oaaet of Withdrawal 9ympcmnd amum
uauaU7within E? ta 4S haurahr dis.mntinuacion of mepra-
=~~~ usually ceaae within tbe next U to 48-

Wban eam3aim dmaqe bae mntinud for weeks or monck
duageshouid bemhcedgmdaallyavwraperwd oflto2
weeks mcher than abmptty mopped Altemely, a shofi
* ~iti may be auktitutd. then gmduaily mch-
drawn.
POENTMUY HAZARDOUS TASKS Paaenm s..IJ be
warned that meprrabamau may impaix the mental or physi-
cal abili&a requred for performance of pxandaily ba2arri-
)UaCaaka.mcb m driving or Opemcuiq rnachbery.
UIDm EFFW1-S: S&e CX-eupp ~t efi- of
me~u and alcohol or mepmbamare and ocher w
monqnc drug may bc additive, appmpriam m.ucion ahouid
w exmmsed mtb ~rienca wha calm more than one of ‘Aeae
aq’enmsmlulranmuaiy,

USAGE IN PREGNANCY
AND lACTAllON

An mcmaaod risk of cmrgamd nrelforrne- s-M
‘91munllmaf — -udii (rr=wmb m ctrkudia2-
ccroaxk enddiea!r=ml durrogdm firm ~afvw-
-=r~~-ww=adrn aewrdeoJdkaa. suaue. -d
tibsiera~arnanarofurganq. thekueedurina

ConUnud m Iaex? PW
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NTtUrh H~ Tskteta (U.S.PJ. Tabtets contain- 92 18-I 9221q
ing bophc~irtc hydrochloride 5torc in air!ight wntain-
em.

Prca#ctary Names
Arlibidc (US WJamln, Arg,). Arlidin (US V. Canad..
US V Pharmaccucical Corp., USA), Buf.dcm CCedoma,
Neth.); Dilatol (Tropon. Ger.); Dil ydrin (Medichemir,
Switz.); Opino (&tdyr0ph7mt. Ital.]; Penitardon (Woelm.
Ger.); Pervadil (ICN, Caned./; Tooadrin (Medtchemie.
.Swilz.).

Buphenine hydrochloride was formerly marketed in
Great Briteitr under ths propric@W name Perdiintal
Forte (Smith & Nephew Phormocruticals).

92 I $S

BrstdmtirseHydroehforide. LA 1221. A’N-Dibuty[-
N'-(3-phenyl-l,2,4-oxadiazot-5-yl)ethylencdiamine hydr-
chloride.
C H N O HCI.=352.9,18184.

CAS — 22131-3$7 (bu:aIamiruj, 56974464) (h@r*
chkwidc).

A white crystalline powder. M.p, 135° to 141”. %kMkk
1 in 7 of water, 1 in 10 of alcohol, and I in 2.5 of
chloroform.

Clrromonar Hydrochloride. CarbocromenHydro-
chloride; A27053; AG 3; Cassella 4489 Ethyl 3-(2-die-
thyfaminccthyl) -4-methylcoumarm-7 -yloxyaWate hydr>
chloride
CmH17N05,HCl = >97.9.

CAS — 804-I O-4 (chromonar). 65J-JS-6 (hydro-
chloride).

A whtte crystalline powder with a bitter taste M.p.
about 159”. SoMke in water. alcohol. and chloroform.

Chromonar hydrochloride is a vasodilator which hss
been used in the prophylaxis of angina pmwi!.
For reports or pharmacological studies. aee R. E. Nitz
and E. Po~h, Arzncimitfc/-Fomch.. 1%3. lJ. 243. W.
Lochner and H. Hirche. ibid., 251; H. J. Brecachnader
et al., ibid., 255.

Abaorplion, blocd Ccmcetmmtions. and excretion of chrm
monar.— Y, C, Martin and R. -G Wiegand, J. phsrm.
Sci., 1970, 59. I313.

Cadiac disordrrs. A mul!ieentre double-blind cmaaavcr
sludy of 187 patientr with angina pectoria who received
chmmmrar fur 8 wcckz (79 patienta) w 12 weeks (108
~tients) al a dosage of 150 mg thrice daily (73
patiema) w 225 mg thrice dady (114 ptiema) detnon-
stratcd signikant prevention of ●nginal attacka by lhe
lower dose, and imprwement in attack-rate and glyceryl
trinilrate requirement by the higher doaa although the

Butalzminc hydrochlorideis a vaaodilatorwhich has higher dose iailod to show any advantage wer placebo

been given in the treatment of peripheral macular dia- wherr the glyweryl ttinitrate requirement was conci6ercd

orders. alone.— R. J. Bing et al, Clim Pharmac, Ther., }974.

Pmprk4aq Na-
16, 4. See alao H. Bell er al., ibid, 1968, 9.40.
Further references G. Faucon et al., Th4rapie, 1975.

Adrcvil (Zyma. Ger./; Hemmropz (Androfnaco. Arg.): 30, Ig~; E, &hravcn, A,z#mfrtti.Fwsch., 1976, 26.
Surcm (CEPA, Spoin), .%rkme (Aron. Fr.; Sprmm,
Ifal ).

197; E Schraven •~ a/., ibid,. 200; R. sirbuleacu et al.,
ibid 204: N. N. Kiusidze artd G M Kikava. ibid..
1976, 26. i82. “

Pr@etacy Naazea

9216-w
Antiangor ([SM. fml.); Cardiocap (Fidia, f{af.};
Cromene (Scharmr. Ital.}; [ntens.ain (Cassrll*Riedrl,

Batoxyetbyl Nleotfnate. 2-Butoxyethyl nicotinaie.
Belg.; Diarnant. Fr; Cassel\a-Riedei, Ger.; Pierrel, IIal:

CI:H,,N03-223.3.
Jap. ,&whringer Mannheim. S. Afr.; Al&rt-Farmo.
Spain; Camelh-Riedrl, Switz ): Intcnsacrom {A!bcrt-

CAS — lJ9/MtM3.

Butoxycthyl nicotinate is a topical vaaodda!or used, in a
amccntration of 2.5%, in rubefacient oinlmenls.

Prs#etary Preparations

See under Methyl Nieotinate. p. 1626..

9217-s

Cetk41 Ckrate. 2-(Perhydroazepin- I-yl)ethyl u-cyclo-
hcx yl-a-( 3-thicnyl)acetatc dih ydrogen cltra[e mmro-
hydraw.
CIOH,, NOIS.C,H,O,,HJO= 5597.

CAS — 14176-10-4 (cetitdi!); 1628649-4 (cirrafe,
anhydrous).

Cetiedil create is a vasodilator which has km givem in
the treatment of peripheral vaaeular disorders.

After intravenous injection of radioactively Iabclled
ccticdil, 50% of the dose was metabolised wilhin 5
mmutes. anct after 1 hour only Iabeiled mctatmiites were
recovered from the urine. Ce[icdil was also ~hown to k
raptdly mekabd!scd after administration by mouth, and
after first pass through the liver only mc!abolitea would
enter the general circulation II was cmncludcd (ha! [he
metabolizes of cetiutil were active as inhibition of saliva
secretion pcrsislcd when mticdil could no longer br
dctcctrd in plasma.— A M. Soeterbock #( rzl , Eur J.
clin Phormac, 1977, 12, 205

Asrhma References to bronchodilator activity of cctledil
citrate. J, Orehck et al , NOUW Presse mdd }976, 5,
1577: Y. W Cho et al , lm J. rlln Pharmac Bio-
pharm 1978, /6, 402.

Peripheral varcsrlw disordrrs. An evalua tIon of ceI iedil,
administered intravenously, intramuscularly, or by
mouth. in the treatment of pen hcral vaacular disord-

fers -- R. Barbc et al , C/in Trio ~ J , 1980, /7, 20,

Proprietary Noms%
Stratcnc /lnnothira, Fr ; .sfgmorou. IIUI).

Forma, Spoln).

9219-y

Chepea@t Maleate. Cinepazic Acid Ethyl Ealer
Male-ate. Ethyl 4-(3,4.5 -trimethoxycinnamoyl) piprr-
azin- 1-ylacetate hydrogen maleste.
CMHI,NZO,.C,H,O, -508.5

CAS — 23887-41-4 (cinrpozer); S067947-7 (malrofe).

A white powder. M.p. 130”,

Cinepttzct maleate u n vaaoddator which has been used
in the irealment of angina pertoris.

Absorption and (ate of cincpazct in man. Most of a dose
Ewen by mouth was eliminated within 24 hews, 60%
bmng excreted In the urtne. The major metsboiite was

cmcpaztc acid. — L. F Chasacaud et a/.. Arznelmif -
/r/-Formh 1972, 22, 2003

Proprietaq Nmlrs
Vascorll /Dclafande, Be/g.; Dclalandc, Fr , De/a/ande,
I:ai.. Ddalande. Suit:. )

9220-g

Cinepezide Makste. I-(pyrrolidln- I-ylcarbonylmc-
thyl)-4-(3.4,5. [rimcthoxyclnna moyl)piperazinc hydrogen
malcatc.
C>>H1, N,0f.C.H,04-533 6

CAS — 23887 -46-9 (i-rnepoztdej, 2632$44-I Ima/eaIe]

Cinepazidc malcatc IS a vasccltlator which has ken
glvcn in penphcral and cerebral vascular disorders and
in coronary insufficiency
Pharmacology In o n,alr — B Pourrias r-r al Thir-
apie, 1974, 29, 29 And 43

Proprietary Namfi
VavxJIsIal {Dt.l,dmtde. Fr ; Dcla[andr. l;al ; Dela[andc,
Swirz I

Cbs%faroi. Clobenfurol. a-( Berrmfuran-2.yl) -u-(4-
chloropbenyl)nwthanoi.
C,SH,ICI01-258.7.
CAS — 3611-72-1.

A whiteodourksscrystalline pwder. M.p, about 48”.

Cloridarol ha6 ken given in the prevcmion and treat-
ment of coronary inauffitiency

Pm+tary Ns-
Cordium (hfawonr, Arg.); Menacor (Memzrfni, Ifal );
Menoxicor lMenarinL SpairU.

9222-p

s#aw5%iiat2’*’”Tn-
Ct7H~403= 276.4.
CAS — 456-59-7.
A white to off-white amorphous powder with a
slight menthol-like udour and a bitter taste. M.p.
below 60”. On storage it may sublime into a
crystalline form rccembling cotton wool.
Practically irsaolubfein water; soluble I in about
I O( alcohol and 1 in about 2 of light petroleum;
very soluble in ether and othm common organic
solvents. Store in a cool place in airtight contain-
ers. Protect from light.
Adwree Effects. Nausea, gastr~in!estinal dis-
tress, or flushing may follow high doses of
cyclandelate.
Other adverse effects reported include tingling
and headache.
Toxicity or cyciandelate was low. though with large
doaea dwrc mi hi bc flushing, tingling, nausea. or
headache,- T ~imor and C Hyrnan, Cl,.. Phmnmc.
Ther, 1%1, 2, 652,

Treatzstertt of Adresee Effects. In severe over-
dcage the stomach should be emptied by aspira-

tion ad ‘avagc’ ‘f ‘Ccesv? ‘he Circulationshould be matntalned with m usions of suitable
clectrolytca, and if neccsaary by vasoprcsaors.
Precarrtknas. Cyclandelatc is contra-indicated in
the acute phase of a ecrebrovascular accident.

U- Cyclandclate is a vasodilator usdrjnh;~
treatment of cerebrovaacu Iar and
vascular disorders. It is given in a Ks$e of
1.6 g daily in divided doses
Acrioa. Animal studies into the mute of act]on of
cyctandclate: A, B, H. Funcke et al., Curr. med. Res
0 inion, 1974, 2, 37 (bra!n gltmmse uptake); G van
&l, Crwr. nwd. Res Opinion, 1974. .?. 211 (collateral
vessel format ion ),

Cercbmmacalu di$easr. several double-blind studies of
cyclandelatc have shown improvement In orientation,
disturbed bchaviour, and vocabulary wi!hout improve-
ment in sslf-care, recent menvxy, or mood. Ncvert he-
leaa. the overall results are inconsistent, and lmprove-
menta in clinical acd psychological rests arc not always
matched by useful changes in the activities of daily liv-
ing.— Br. med J., 1978, 2, 348, Six also Drug & Ther
Bull.. 1975, 13, 85. Further reviews Med. tiff 1976,
/8, 38; P. Cmk and I James, Nrw ,Eng/. J Med., 19XI.
305, 1508 and 1560.
Individual reports and studiec on the role of cyclandel~w
in cercbrovsscular disease J Young et a/ . L?r J Psy-
chio[ t974, 114, 177, P Hall, J Am Geriaf Soc
1976, 24, 41; G Davies PI at., Age and Ageing, 1977, 6.
156, D. B Rao et al.. J. Am Gcrmt SM., 1977, 25,
548, R. Brasacur, Angmlogy 1978, 29, 121, B Capote
and N. Partkh, J. Am Geriaf SW., 1978, 26. 360; G

F A ‘a’ding “ a’”’ ‘nmo’or “7” 29’ “9’ ‘“ ‘0”’”andcr and C. B. Blakcmorc, I id., i 33.

Dia6rfic rctixopathy. In a double- bli rrd ra ndomiscd
study dctctiom[ ton d the blood.retinal barrlcr was
assessed in 22 diabetic patlcnts, without retinal involve-
ment, by vitreous fluorophotomctry after the injection of
fluorcacein, [t was considered that deterioration O( the
blond-ret!nal barrier, an early sign of dtabetic rctinopa-
thy, was delayed in the third month in thaw patients
gwcn cyclandelate 4CUImg four times dally for 3
months Long-term studlcs were considered to be indl.
catcd – J G. Cunha-Vaz et al . Br. J Ophlhal , 1977,

—-



~. —

—

—..



CYCLANDELATE

Charles M. Shearer

Wyeth-Ayerst Research

Rouses Point. NY 12979



15(} (’I{ARI ES M, SHEARER

1. Description
1.1 Name, Formula, Molecular Weight
1.2 Appearance, Color and Odor

2. Synthesis
3. Physical Properties

3.1 Nuclear Magnetic Resonance Spectra
3.2 Infrared Spectrum
3.3 Ultraviolet Spectrum
3.4 Mass Spectrum
3.5 Melting Point
3.6 Differential Scanning Calorimetry
3.7 Volubility
3.8 Crystal Properties

4. Stability and Degradation
5. Metabolism
6. Analysis

6.1 Elemental Analysis
6.2 Ultraviolet Spectrophotometry
6.3 Titrimetry
6.4 Gas Chromatography
6.5 High-Performance Liquid Chromatography
6.6 Thin Layer Chromatography

7. Identity
8. References

~YCLANDELA1’1: 151

1. Description
1.1 Name, Formula, Molecular Weiqht

The name used by Chemical Abstracts for
cyclandelate is a-hydroxybenzeneacetic acid, 3,3,5-
trimethylcyclohexyl ester. It is also called mandelic acid,
3,3,5-trimethylcyclohexyl ester; 3,3,5-trimethylcyclohexyl
mandelate; 3,3,5-trimethylcycl ohexyl amygdalate; and 3,3,5-
trimethylcyclohexanol cr-phenyl-a-hydroxyacetate Trade names
include, Cyclospasmol, Natil, Novodil, Perebral, and
Spasmocyclon (l). The Chemical Abstracts number is 456-59-7.

1.2 AR~earance, Color and Odor
Cyclandelate is a white to off-white amorphous

powder with a slight menthol-like odor.
7

OH CHq

:@O’$f’
CH3
0

c17H2403
M. W. 276.36

2. Svnthesis
Trimethvlcvclohexvl mandelate was first synthesized by

reacting fl”-m~ndelic”acid with 3,3,5-trimethyl cyclohexanol
(consisting of cis and trans isomers) (2,3,4). Cyclandel ate
is now synthesized using only the low melting (cis) isomer of
3,3,5-trimethylcyclohexanol (5,6). Esters of mandelic acid
with the higher melting 3,3,5-trimethyl cyclohexanol are twice
as toxic as those made with the low melting isomer (7). The
major side reaction product, trimethylcycl ohexylphenyl
glyoxalate, can be removed during the synthesis by treating
the crude cyclandelate with aqueous sodium borohydride (8) or
zinc and hydrochloric acid (9).

This synthesis, using only the cis isomer, results in
four isomers as described in the next section,
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Table II
Proton NMR Spectral Assignments of Cyclandelate

Chemical Shift Number of Assignment
$p~m from TMS) Protons

5 Aromatic Ctj
5:10 d 1 H-C-OH
4.95 m 1 H-c-oc
3.47 exchangeable 1 Jj-o
2.1 - 0.6 17 Aliphatic CB, C~ , CE3

0.94 s gem Clj3 (AB pall)
0.88 S gem Ctj3 (CD pair)
0.84d (J = 6) HC-Cti3 (AB pair)
0.91 d (J = 6) HC-Cti3 (CD pair)

Table 111
Carbon-13 NMR S~ectral Assignments for Cyclandelate

Carbon ppm

73.3
; 43.7 (AB) 43.2 (CD)
3 32.2 (AB) 32.1 (CD)
4 47.3
5 27.0 (AB) 26.9 (CD)
6 39.7 (AB) 40.1 (CD)
7 32.9 (AB) 32.8 (CD)
8 25.4 (AB) 25.3 (CD)
9 22.0 (AB) 22.1 (CD)

173.1
; 72.8
1 138.6
2, 6 126.3
3, 5 128.4
4 128.1

Table IV
Infrared Spectral Assignments for Cyclandelate

Wavenumber (Cm-l) Vibration Mode

3460 OH stretch
3100 - 2800 CH stretch
1730 C=O stretch
1212, 1192 C-O-C stretch
730, 695 out-of-plane bending of

monosubstituted aromatic

lll\,/

CYCLANDELATE is?

3.3 Ultraviolet SDectrum
The ultraviolet spectrum of cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361 recrystallized to remove
0.1% 3,3,5-trimethylcyclohexyl phenylglyoxalate) in USP
ethanol is presented as Figure 4. The absorptivities are as
follows:

A max(nm)
269 oa57 1:75
258 0.73 2020
251 0.59 1630

3.4 Mass S~ectrum
The mass spectrum of cyclandelate was obtained (15)

by electron impact ionization using a Finnegan MAT 8230
spectrometer and is given as Figure 5. Identification of the
pertinent masses is presented in Table V.

Table V
Mass Spectrum Fractmentation Pattern of Cyclandelate

m/e

276

125

107

83

79

69

55

Species

M+

C9H17+

c6H5cH0H+

CH2CHCH2C(CH3)2+

C6H5+

CH2CHCH2CHCH3+

(CH3)CCH2+

3.5 Meltinq Ranqe
Observed (16) melting range (USP Ia) for

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361) is
55.0” - 56.5*C.
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3.6 Differential Scanninq Calorimetry
The DSC thermogram (14) for cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361) is presented as Figure 6.
The thermogram was obtained at a heating rate of 10°C/minute
in a nitrogen atmosphere utilizing a Perkin-Elmer DSC-2. The
thermogram exhibits no endotherm or exotherms other than
that associated with the melt.

3.7 Solubilitv
The followina solubities at room temperature have

been observed (16). “

USP Classifications:
Solvent Volubility
Water insouble
Methanol very soluble
Acetonitrile freely solub”
Ethyl acetate free”
Dimethylformamide free’
Toluene free’
Chloroform very

e
~ solub”e
y soluble
v soluble
~oluble

3.8 Crvstal Properties
The X-ray powder diffraction pattern of

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361)
obtained (14) with a Phillips diffractometer using copper Ku
radiation is presented as Figure 7. The calculated “d”
spacings are given in Table VI.

19.04
11.72
9.55
7.80
7.34
6.77
6.11
5.59
5.27
A n-l

Table VI
X-Ray Diffraction Pattern

111o g

100
4
5

:;
15
21
13
9A,

4.72
4.56
4.42
3.99
3.90
3.85
3.77
3.71
3.57

69
11
14
32
15
13
17
15
8

A

I
i-

a

Ld

CYCLANDELATE

I 1 1 I I

20 40 60 80 100 120
Temperature (C)

Figure 6 - Differential Scanning Calorimetric
Thermogram of Cyclandelate (Wyeth-Ayerst
Reference Standard No. 1361)
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SOURCE:
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ABSTRACT:
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Effect of cyclospasmol on early diabetic retinopathy.

Mota MC; Leite E; Russ MA; Verjans HL; Blakemore CB; Cunha-Vaz JG

Int Ophthalmol 1987 Feb; 10(1):3-9

87164769

A randomized, double-blind, placebo controlled study to investigate the
long-term effect of Cyclospasmol (cyclandelate) on the abnormal
permeability of the blood-retinal barrier was performed in 26 patients with
insulin-dependent diabetes mellitus for at least 1 year and minimal
retinopathy. Cyclospasmol 400 mg or placebo capsules were taken 4 times
daily for 12 months by equal numbers in both groups. Each patient
underwent a routine ophthalmoscopic examination, retinal fluorescein
angiography and quantitative vitreous fluorophotometry to assess the
permeability of the blood-retinal barrier just before the trial and following
6 and 12 months of therapy. Laborato~ tests for determining blood and
urine glucose levels and blood HbA1-levels were also carried out at these
assessments. Statistically significant changes in diabetic control, in
HbA1-levels or in the frequency of retinal microaneurysms could not be
shown in either treatment group during the trial, nor were there any
significant differences in these parameters between the two groups.
Analysis of fluorophotometric data on fluorescein penetration into the left
posterior vitreous demonstrated significant reductions in this parameter
during the trial compared to the pretreatment level in Cyclospasmol
treated diabetics. These changes in the pretreatment level after 6 and 12
months also differed significantly between the two groups. However, this
statistically significant beneficial reduction in fluorescein penetration into
the left posterior vitreous did not occur in the right eye in the Cyclospasmol
group. In placebo treated patients a consistently deleterious trend for this
parameter was observed for both eyes during the one year
study .(ABSTRACT TRUNCATED AT 250 WORDS)
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Cyclandelate inhibits calcium-induced contraction of vascular smooth
muscle cells, platelet aggregation induced by thrombin,
platelet-activating-factor and adenosine, and also suppresses a provoked
5HT release from platelets. This pharmacological profile suggests that
cyclandelate may have a potential prophylactic effect in migraine. To test
this hypothesis, a doubl~blind multicentre study was performed in 214
patients to investigate the eflicacy and tolerability of cyclandelate
compared to placebo and propranolol. After a 4-week baseline period,
eligible patients (randomization 3:2:3) were treated for 12 weeks with daily
doses of 1.200 mg cyclandelate (n = 81), placebo (n = 55) or 120 mg
propranolol (n = 78). The number of migraine attacks (> or = 50°A
responders) and the migraine duration/month were compared based on the
difference between baseline and the last 4 weeks of prophylactic treatment.
The percentage of patients with a reduction in migraine attacks of> or=
50!40 treated with cyclandelate (37.0%) or propranolol (42.3%) was not
significantly superior to placebo (30.90/o; p > 0.025). The mean duration of
migraine in hours (h) per month decreased in both active treatment groups
(cyclandelate: 36.8 h, p = 0.046; propranolok 34.4 h, p = 0.039) compared
to placebo (13.7 h) without reaching statistical significance (alpha/2=
0.025). The clinical efficacy of cyclandelate and propranolol was
comparable. Adverse experiences were reported by 13 patients (16.OVO)
treated with cyclandelate, by 5 patients (9.1%) treated with placebo and by
19 patients (24.4%) treated with propranolol. These were drug-related in
7.lVO (n= 6) of patients treated with cyclandelate and in 9% (n = 7) of
patients treated with propranolol. ln summary, eyclandelate has a

. comparable efficacy to that of propranolol, an established drug of first
choice in the prophylaxis of migraine. -g s were better tiumplac 5Ao,
but not significantly so. Both active treatments were well tolerated.—.
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~o~{cEU-HSMATERIAL MAYBE PHOTECTEDBY
COWHKHT LA W (TITLE 17, U.S. COSE)

e ..
‘—-”Yclandelatein the prophylaxis of migraine: a randornimd,

parallel, double-blind study in cornparkon with placebo and Reprintedwith ~er~iS~io,

through the Copyrig tpropranolol
Clearance ~el-:~?-!

HC Dienerl, M Foh~, C Iaccarino3, P Wessely4, H Isler’, H Strengef, M Fischer;, W Wedekindg, Z Taneriq
on behalf of the study group*

Departmfnf5 of h’aamhgy, Unmrrsi!ies O( Essen’; Vwrna’, Ziirich5; KieP; Municlf~a/Hospital, Fulda2; Neurological Practice, Naple<; Mi$raine
C/inlc, Duisfwg’; lns~itutr jor h’ummical %rfistics, Co/Ogn/; Medical Dqwrtment of 3M Medics, Borkrn8

cephfllul&u.—
Diener HC, Foh M, Iaccarirm C, Wesse[y P, Isler H, Strenge H, Fischer M, Wedekind W’,Taneri Z. Cyclandelate
in the prophylaxis of migraine a randomized, parallel, double-Mind study in comparison ~t.ith placebo and
propranolol. Cephalalgia 1996; 16:441 -7. Oslo. ISSN 0333-1024

Cvclandelate inhibits calcium-induced contraction of vascular smooth muscle cells, platelet aggregation
induced bv thrombin, platelet-activating-factor and adenosine, and also suppress a provoked 5HT release
from platelets. Tlus pharmacological profile suggests that cyclandelate may have a potential prophylactic
effect in migraine. To test this hypothesis, a double-blind multicentre study was performed in 214 patients
to im,estigate the et%cacy and tolerabilih of cyclandelate compared to placebo and propranolol. After a 4-
week baseline period, eligible patients (randomization 3:2: 3) were treated for 12 weeks ~tith daily doses
of 1,200 mg cyclandelate (n= 81), placebo (n= 55) or 120 mg propranolol (n =78). The number of migraine
attacks (>509, responders) and the migraine duration/month were compared based on the difference
between baseline and the last 4 weeks of prophylactic treatment. The percentage of patients with a reduction
in migraine attacks of >50’% treated with cyclandelate (37.0%) or propranolol (42.3%) was not significantly
superior to placebo (30.9%; p> O.025). The mean duration of migraine in hours (h) per month decreased in

both active treatment groups (cyclandelate: 36.8 h, p=O.046;propranolol: 34.4h, P= O.039) compamd to
placebo (13.7 h) without reaching statistical significance (a/2=0.025). The clinical efficacy of cyclandelate
and propranolol was comparable. Adverse experiences were reported by 13 patients (16.0%) treated with
cyclandelate, by 5 patients (9.17.) treated with placebo and by 19 patients (24.4%) treated with pmpranolol.
T%ese were drug-related in 7.1% (n =6) of patients treated with cyclandelateand in 9% (n=7) of patien~
treated ~lth propranolol. In summary, cyclandelatehas a comparable efficacy to that of pmpranolol, an
establisheddrug of first choice in the prophylaxis of migraine. Both drugs were better than placebo, but not
significantly so Both active treatments were weU tolerated. ❑ Cyclandelate,double-blind,placebo,propranolol,
proplrykws of migramf, tde~ability

HC Dwner, Department of NeuroloAW, Unksrty of Essen, Hufefandstr. 55, D-~~1 z? Es-, Germflnv.
Tel. +49 2017232460, fax. +49 201723 j901. Receii>ed 3 Nomnrber 19%, accepted 10 June 1996

Patients with frequent, prolonged and severe
migraine attacks ~quire migraine prophylaxis. A
reduction in the frtquency of attacks and ~he dura-
tion of migraine are two ~rnportant aims. The mode
of action of most d~gs used in migraine prophylaxis
~ not knom”n. Furthermore, no animal models are
available to establish the mode of action of these
medications. The prophylactic effect of beta-blockers,
the most wiclelv used drugs in the prophylaxis of.

“MedlcQIco~l~j{~~all[Haag, G., l&’lndach Par!icrpatlug Iru?l ccnlrm:
BeCkmann-Reinho] dt, ,4 (n =29) :’Koni~stein, Langohr, H.H.
/FOh, M, (n=26),’Fu]da, Iaccarlno, C (tr=24)/Naples(l);

-t, F. (..21 I/1%.&snjtz, Taneri, Z./Th.m, M (n= 18),’Du~burg
&ly, 1? (n= 16),’\rlenna(A), Mever, Chr (U = lJ)/Baden (CH);
*UW G.E. (~=9)/Hofheim a. T.; Drener, H. C. FMay, A. (II =8)/ &sen;

‘~ W’ (n-S) ‘Schoptlwxn Isler, H./Lutz,!. (n=t3)/Zurich(CH);
-R’%\ M.]. [n ;8)/Ma[m; <holz, E. (n= 7)lBbbhngen, Donat, P./,

% R (n.7)lDuisbum; Kosanic, S./Schtmhmnn, E. (n=7)/
~@@im; Gerber, W.D~/Strenge, H (n= 4)/K]el; Stosch, K.

‘=3)/ Aachen.. .

migraine, was discovered by chance in patients
treated for hypertension who at the same time suf-
fered from migraine. Propranolol (1-6) has convinc-
ingly been shown to have migraine prophylactic
acti~ity. This acti~~ity has been confirmed by Holroyd
et al. (7). who ~erformed a meta-analvsis ‘of studies
on propranolol in the prophylaxis of ‘migraine. The
53 studies included 2403 patients who were treated
with the beta-blocker propranolol (medium standard
dose 160 mg/day) versus reference substances or
~lacebo. On ‘average, monranolol resulted in a 44%, .
reduction in migra~ne’activity when daily headache
recordings were used to assess treatment outcome
and in a 657{ reduction of migraine activity when
less conser~’ative measures (e.g. clinical rafigs of
improvement, global patient reports) were used. The
dropout rate due to side effects was 5.3%.

Cvclandelate inhibits Drovoked calcium overload,, 1

in neurons (8), calcium-induced contraction of
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vascular smooth muscle cells (9–10), and platelet
aggregation induced by thrombin, platelet activating
factor (PAF) and adenosin (11). In addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-13) and protects against provoked cortical dam-
age in a mouse model of focal ischaemia (14). This
pharmacological profile suggests the likelihood of a
proph~lactic activity in migraine.

Earher studies have indicated that cyclandelate
given at a daily dosage of 1600 mg indeed has
an anti-migraine prophylactic effect. In a small pilot
trial (n =40), Nappi et al. (15) showed that cyclan-
delate was almost equally effective to flunarizine.
Mastrosimone et al. (16) (n =84) described a signifi-
cant superiority of cyclandelate to pizotifen. Gerber
et al. (17) (n= 84) observed a clinically relevant
decrease in migraine symptoms with cyclandelate
which was comparable to that of propranolol.
Cyclandelate was well tolerated in all efficacy
studies and exhibited the smallest incidence of
adverse events compared to the reference drugs used
(15-18).

Methods

To test the hypothesis that cyclandelate is more
effective than placebo in the prophylaxis of migraine
using the minimal effective dosage of 1200 mg/day,
a randomized, parallel-group, double-blind multi-
centre study was performed. As a secondary hypo-
thesis, comparative efficacy with propranolol (120
mg/day) was investigated. The study was approved
by the respective local ethics committees.

inclusion criteria

Patients between the age 18 and 60 years; male or
female; migraine with and /or without aura accord-
ing to the IHS criteria (19); migraine history of at least
12 months’ duration; a mean number of 2-10
migraine attacks per month withinthelast3 months
prior to the study; and signed informed consent were
admitted to the study.

E.rclusion criferia

Pregnant or lactating women; psychiatric disor-
ders; concomitant non-migraine headaches =3 times
per month within the last 3 months; intake of cen-
trally acting drugs or migraine prophylactic chugs
during the -! weeks preceding the trial; specific
contraindication to beta-blocker (asthma, diabetes,
clinically relevant hypotension, etc. ) or cyclandelate
(acute stroke, glaucoma, coagulation til.”.der);

intake of drugs to treat migraine attacks> 12 days/
month. Prior to study entry and at the end of the
treatment, the patients underwent physical and neu-

f$rological examinations, including ECG and bl ““-’~
chemishy tests. \.y>:!

.:y~

Design

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophylactic
treatment. Those who recorded 2-10 attacks on theu
migraine headache diaries during the baseline peri~
qualified for randomization (randomization ratio=
3:2: 3) to cyclandelate, placebo or propranoiol.
To avoid early withdrawals due to initial side
effects, treatment started with a 2-week run-in peri~
at a dosage of 400 mg tid cyclandelate placebo or w
mg tid propranolol. This was followed by a 12-week
period of active prophylaxis at a dosage of 400 mg
tid cyclandelate, placebo or 40 mg tid propranolol.
The study ended with a 2-week run-out period to
avoid early recurrence of migraine, using the same
dosages as in the run-in period. Additional medica-
tion to treat acute migraine attacks was allowed for
LIp to 12days/month for the duration of the study
including the baseline period. Patients were required
to come for a check-up visit at the end of the baseline
period and at weeks 10, 14, 18 and 20 (Fig. 1).

Migraine headache diay

All patients kept a structured weekly diary and
recorded daily migraine events: occurrence of
migraine attacks; impairment of working ability;
intensity of headache (measured by a visual analogue
scale); duration of headache and migraine attack;
intake of migraine medication during the attack;
concomitant symptoms of migraine (e.g. photo- or
photophobia, nausea, autonomic disturbances, etc.).
Patients were also asked to record adverse events
related to the prophylactic medication. The attending
physician was requested to transcribe the frequency
and duration of migraine attacks and adverse events
in the Case Report Forms (CRFS) at each visit.

At the end of the study and prior to breaking the
code, the attending physician evaluated all migraine
headache diaries, blinded to the number and total
duration of migraine attacks at baseline and in the
last 4 weeks of prophylaxis. This diary database was
used for primary analysis applying the following
guidelines: (a) If migraine attacks occurred on two
consecutive days within a time interval of less than
24 h, this was counted as one migraine attack; (b) the
migraine duration was defined as the sum of all
migraine hours documented by the patient in the
diary within the 28 days preceding the end o!
baseline (week 4) and prophylactic treatment visits
(week 18) (Fig. 1); (c) in cases where the patient was

---
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>-..—.
baseline run-in 12 weeks prophylaxis run-out

I
800 mgI d

1
1200 mg/d 800 mg / d cyclandelate

I
80mgld 120mg/d 80 mg / d propranolol

placebo

1-MHD MHD
I 1

i
0 4 6 10 14 18 20 [weeks]

Fig. 1. Time course of the study, dosages and migraine evaluation.

run-in/run-out 2 weeks: cyclandelate 400 mg bid vs placebo vs propranolol 40 mg bid: 1-O-1capsulesldav
prophylaxis 12 weeks: cylandelate 400 mg tid vs placebo vs propranolol 40 mg tid: 1-1-1 capsules/day
MHD Mieraine headache dlarv: evaluation 4 weeks baseline vs last 4 weeks of urouhvlaxis
1 . ..20 wv~ks scheduled check-up visits

not able to distinguish between migraine and tension-
type headaches, all additional concomitant s~ptoms
documented in the diary were taken into consideration.

Endpoints and statistics

Two equivalent primary endpoints were defined: (a)
“rate of responders”, i.e. patients with z50V0 reduc-

J“-q in the number of migraine attacks; (b) mean—

graine duration” in hours. The migraine para-
..ieters were calculated using the value. of the last 4
weeks Of the high-dosage period compared to those
of the 4-week baseline period. Efficacy was assumed
if cyclandelate showed significant superiority to pla-
cebo at an alpha-adjusted two-sided significance level
of et/2=0.(125 in at least one of the two target criteria.
Fisher’s exact t~t and the t-test for independent
samples were used as statistical methods for the rate
of ~ponders and migraine duration, respectively.
TWO patient populations Wem defined for statistical
analysis, au randomized patients (intention-to-treat
[~] group) and clinically relevant patients (per
protocol [PP] group). All drop-outs after baseline
were included in the intention-to-treat analysis on the
basis of the last-value-earned-forwad method.

“%xondary endpoints were the efficacy of propra-
nolol versus placebo and equivalent efficacy of cylan-
delate compared to propranolol. Additional secondary
endpoints were change in intensity of headache,
intake of analgesics or migraine drugs, number of
working davs lost due to migraine, frequency and
~verity of adverse events. For the secondary end-
points, adl~erse events and intake of acute migraine
medication, only posthoc analyses are presented.

=rW number oj patients

.~uming a 60% response rate with cyclandelate
~d 307. with placebo and a reduction in migraine;J ;,

duration of 4 h with placebo and 8 h with cyclande-
late with a standard deviation of 6 h, the sample size
for cyclandelate and propranolol was calculated at
n =75 and n =50 for placebo in the randomization
ratio of 3:2:3. These case numbers are sufficient to
find a statistically significant difference between cyc-
land elate (or propranolol) and placebo at cx/2=0.025
with a beta error of 20’70.

Post-hoc analysis

The intake of medication to treat acute migraine
attacks is known to be an accompanying critical issue
for the evaluation of headache duration in clinical
trials for prophylactic treatment. Therefore, all
patients were stratified based on the intake of anal-
gesics/antimigraine drugs during a defined number
of weeks in the course of the trial. To obtain new
insight into possibly different response properties of
the ITT patient database, the >50% response criterion
reduction of migraine duration was combined with
the criterion “intake of acute medication over less
than 5 weeks” during the 16 weeks of treatment
(double response criterion).

Results

Study ~70plflfion

The study was initiated in No\-ember 1991 and
finished m April 1994. Twenty-one screened patients
did not qualify for randomization. A total of 214 ITT
patients in 17 centres were randomized after com-
pleting the baseline period, 81 patients (37.9%) were
treated with cyclandelate, 55 (25.7%) m’ith placebo
and 78 (36.4%) with propranolol. Forty patients had
to be excluded from the In analysis for various
reasons (Table 1) and 174 patients (cyclandelate rI= 67,
placebo n =39, propranolol n =68) remained for the
PP analysis.

I

I

I
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Table1. Patients violating protocol requirements.

Reasons for exclusion from ITT database n=40

Earlv study terrnination,’not drug-related n=15

S2 attacks during baseline perrod (one <24 h) n=8
Evaluation of diary not posble n=7

Control visit missed by >2 weeks n=6
Intake of additional medication z 15 days/4 weeks n=2

Age <18 or >60 years n=2

Demogrn@ic and baseline Jata (Table 2)

The three treatment groups were comparable in
terms of age, distribution of gender and history of
migraine (Table 2). The three treatment groups were
comparable with regard to number of attacks/
4 weeks, intensity of pain during attacks and intake
of acute migraine medication. The mean duration of
migraine in hours/4 weeks and the standard devia-
tion was slightly greater in the cyclandelate group
than in the placebo and propranolol groups. How-
ever, the differences did not reach statistical signifi-
cance.

Withdrawals afler randomization

Thirty-six patients (16.8%) dro
domination (cyclandelate n= 16,
pranolol n= 12). The frequency of
cyclandelate and propranolol Was comparable, ~t
numerically higher compared to placebo in the efi
cacy-related and possibly drug-related reasons. me
overall distribution of all reasons for withdraw& &
given in Table 3.

Efficacy

Primay endpints

The first primary endpoint (~50% reduction of
migraine attacks) was met by 30/81 (37.0%) patients
treated with cyclandelate and 17/55 (30.9%) patients
treated with placebo. Them was m significmt diffem-tce

bmveen the two groups (p> O.025). ~ the p~pranolol
gruup the response criterion was m~ by 33/78
(42.370, pO.05 vs placebo) patients. S* msub W-
obtained for the per protocol analysis (Fig. 2).

The mean absolute reduction of migraine
duration/4 weeks (second primary endpoint)
was 36.8t73.7 h with cyclandelate compared to

~bk 2. Comparison of the three treatment groups.

Total Cyclandelate Propranolol Placebo
Patient characteristics n=zl.t n=81 n=7fl n=55

Demographic~nd baseline dato
Mean age (years) 39f~~ 39~]2 4(3f13 39*I1

sex
Women 167/ 78.0gC 66/’81.5~0 60/76.9?. 41 /74.570
Men 47,’22.0% 15/18.5% 18/23.1go 14/25.590

Mean mlgmine history since (yearn) 19*12 18x]~ 21t13 19f11
Migraine vnth aura 56/26.2% 24/29.6% 18/23.1% 14/25.5%
Migraine without aura 1%/72.9% 56/69.1% 59/75.690 41/74.5?0
Migraine with +without aura 2 1 1 0
.Uo of patients wth acute mjgraine medication:

Analgcwics/antmheu matics 142/66.47 53/67.9°C 51 /65.4°< 3tii65.5Y
Specific migraine drugs 1?7/59.3% 46/56.8?c 49/62.8~ 32/’58.2%

Cyclandelate Propranolol Placebo

,Vffgnrinebawllne J,lta
Mean number of attacks/-l week-s ~fl 412 ~~~

<4 attacks 3:1 3t1 3* I
\lean migraine duration~4 weeks (h) S8Z71 ~lfjo 73T41

<4 attacks 81 ?79 b9 +46 71t42

Pam intensltv during attack
Severe 27/33.37, 26/33.3w0 17/3F 3-
\[@Lierate 51/63 O% 49!62.8?( 31/56.4%
Vdd 3/3.7~c 3/3.8T 7112.7%

Additwnal medication during attacks
Never b/?.47c 3/3.8% 2/3.6’%
~>metimes 23/ 28.4% 24/33.870 15/27.3%
Every attack j~/6Qqc 51/65.4% 38/69.192
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-A-’ le3, Reasons for withdrawal

Total Cyclandelate Propranolol Placetm
n=214 11=61 II= 78 n=55

Reason v=36 n=16 n=12 )1=8
No. of patients (Yc) (16.8%) (19.8~ ) (15.4~) (14.4%)

Not drug-related 15 (7,0%) 5 (6.2%) 3 (3.87 ) 7 (12.7%)
Efficacy-related (total) 8 (3.7%) 5 (6.21) 3 (3.8<)

Complete relief 2 (0.9?I) ~ (~,~~{)
Lack of efficacy 6 (2.8%) 3 (3.7%) 3 (3.8%)

Adverse events (no. of patients) 13 (6.1%) 6 (7.4%) 6 (7.7%) I (1.8%)
Side efkts 9 (4.2%) 5 (6.25 ) 4(5.1%)

[%] Rale of Responders

w –– _.- —.— — ..—

m PP

SC

Iitl:l M!!:-0
Cyd – Plac Prop C@ w ~’w

Fig. 2. Rate of responders (>50% reduction of attack
,

~~~uency /4 weeks) compared to baseline.

‘=Intention-to treat PP = per Protocol
-ycl =cylandelate Plac= placebo Prop= propranolol
“p>O.OS;tx/2=0.025 (Fisher’s exact test, 2-sided).

13.7~51.7 h with placebo (p= O.046). Propranolol
reduced the migraine duration on average by
34.6*58.8 h (P=0,039). These results were chical]y
relevant for both active drugs, but failed to achie~’e
the adjusted significance level of a/2=0.025 (In).
Similar results were obtained for the per protocol

analysis (Fig. 3).

Secondary endpoints

E~uiva/ence @ ~vc~undf~nt~and prq~ranolol. NO signif-

icant statistical equil’alence”
pmpranolol was found in
titeria (P=0.05, l-sided).

‘@t hoc anf7/ysis

of cyclandelate and
either main efficacy

The anal~sis of the subgroup of patients that
~led the-response criterion of a >50% reduction
of tigraine duration m~ith an intake of acute medi-
Mon o~~er less than 5 weeks during the course of

‘=-e Study ShOw,ed Cyc]ande]ate to lx significantly#

W?rior - to nlacebo ‘(32.1% ~rs 12.7%, D~O.014) in,,
ast to p~opranolol (19.2%, p> O.05). The analysis

[hours; War Reaucm. ,? tfours

c

1’ ‘-1-

—.:- ~ T
,., ,!,

> (

L

; IIt:
.10

fd...l “1.~, --
.137 :

-30 .5! 7 .172
.52 a

-w ;- . .
—— ,.

-343 -—

40 -368
,737

,s3 F
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-400 *7
:70,.5

a
pa m p=c C39

ITT PP+Q—-— — --~~-—–—–-—–——– —-— —-
Cfi c@ l%” FTql

Fig. 3. Mean absolute reduction of migraine duration/4 weeks
compared to baseline.

iTT=Intention-to treat PP. per Protocol
Cycl =cyclandelate Plac =Placebo Prop= Propranolol
●p>o.05; a/.2= O.O25O-test for independent samples, 2-sided

of the complementary responder groups with an
intake of acute medication during more than 5 weeks
did not show any significant difference between
placebo and active drug.

The l-sided equivalence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1% vs 19.29L,
p=o.oo7).

I

i

Tolerability/side effects

Blood pressure and blood chemistry remained
unchanged throughout the trial in all three treatment
groups. In the propranolol group the heart rate was
reduced on average bv 5 beats/rein. Thirteen of 81
(:6.0%) patients treated with cvclandelate, 5 of 55
(9.1%) patients with placebo and 19 of 78 (24.4%)
patients with propranolol reported adverse events.
Of these adverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table 4).Five patients in the cyclandelate group and
4 patients in the propranolol group withdrew from
the study due to side effects.
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‘lbble4. Side effects.

Cyclandelate Propranolol

Total no. al 78

No. of side effects 9 7

No. of patients with

side effeds 6 7

Type of side effects Increased sweating Depressed mood
Hypertension Gastric pain (2)
Sleep difficdty Gastric spasm
Depressed mod
Drowsiness
Gastric pain (2) Gastric difficulty
Respiratory diffkmlty Diarrhea
Kidnev pain Brady cardia

Discussion

The goal of this study was to investigate the efficacy
of cyclandelate compared with placebo and
propranolol on the basis of intention-to-treat and
per protocol analyses. The prophylactic treatment
showed no statistical superiority of either cyclande-
late or propranolol over placebo in the reduction of
frequency of attacks. The duration of migraine per
month was reduced by both active drugs to a clini-
cally but not statistically significant degree. Overall,
the clinical reduction of migraine parameters for both
prophylactic drugs was comparable, confirming the
previous report of Gerber et al. (17).

The placebo effect in this study was somewhat
high (31 % for frequency and 19’% for duration) but
comparable to previously reported figures, i.e. 20-
40% for change in headache frequency (20) and
12* 15% for headache duration (7).

We have attempted to overcome the ambiguous
and variable recordings in some patients’ diaries by
using a standardized procedure (see Methods sec-
tion) aimed at including the largest possible number
of evaluable data points in the final analysis. The
same evaluation procedure was applied in all three
treatment arms before breaking the code. Thus it is
unlikely that such a technique would bias the results
in favour of one treatment but not the other(s).

We considered that methodological errors could
have accounted for the outcome of the study. Accord-
ingly, we performed two post-hoc analvses. In the
first, the double response criterion showed a signifi-
cant superiori~ of c~clandelate over placebo in
migraine duration, which is more pronounced than
for propranolol. This stable revllt suggests that the
assessment of efficacy of migraine prophylactic
dregs should include a responder population encom-
passing both the reduction of migraine duration and
additional medication responders with a reduced
intake of drugs to treat acute migraine attacks. Fur-
ther studies need to be conducted to confirm this

1
..

‘...
.: .,
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hypothesis. In the second post hoc analysis, th
patients who took sumatriptan (n =34) were exclud
from the ITT database. Subsequently we found t~~’”
cyclandelate and propranolol were better than pk.’”
cebo (p= 0.024 and 0.026, respectively) in reducing the
mean duration of migraine attacks.

The incidence of adverse events was lower with
cyclandelate than with propranolol, but drug-related
side effects were comparable. These results confirm
the good tolerability of cyclandelate reported in
earlier studies (15-18). Furthermore, and in contrast
with most other substances for migraine prophylaxis,
cyclandelate has no specific contraindications other
than acute stroke and glaucoma. It could be used in
patients with contraindications for other prophylac-
tic drugs (e.g. overweight, asthmatic patients, and
patients with coronary heart disease).

Our study demonstrates that Cyclandelate and
propranolol are equally effective medications in
migraine prophylaxis, but not better than placebo.
Cyclandelate is well tolerated.
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Treatment of early diabetic retinopathy
with cyelandelate
J. G. CUNHA-VAZ, J. REIS FONSECA, AND J. R. B. HA GENOUW

From the Deportment of Ophthalmology, University of Coimbra, Coimbra, Por[ugaf, and the
Department of Medical Affairs, Gist-Brocades NV, Det’ft, Holland

SUMMARY ln order to assess the effect of cyclandelate on the abnormal permeability of the blood-
retinal barrier which occurs in diabetic patients before any other lesions are apparent in the retina
a well-controlled, double blind, and paired trial was carried out in 22 patients. The treatments
were randomised. The permeability of the blood-retinal barrier was assessed by vitreous fluoro-
phototnetry. Each patient was examined before being involved in the trial and then another 3 times
with I month’s interval. The total duration of treatment was 3 months.

The results showed that the breakdown of the blood-retinal barrier as evidenced by the degree
of abnormal fluorescein penetration into the vitreous suffered a significant decrease in the diabetic
r<?nts treated with cyclandelate when compared to the patients submitted to placebo administra-

‘- “and this effect is particularly apparent in the third month of treatment.

It is now widely recognised that the major problem
in diabetes mellitus does not arise acutely from lack
of control of the carbohydrate metabolism, but
from the insidiously developing vascular complica-
tions (Ditzel and Standl, 1975). The morbidity and
incapacity associated with these complications are
staggering, this being particularly true with diabetic
retinopathy, which is nowadays one of the major
causes of blindness.

In order to prevent this dramatic outcome it is
necessary to detect the disease at a very early stage
and to develop means of stopping its further pro-
gress. Its detection at a reversible stage and its
immediate and effective treatment would be ideal.

It has reeently been shown by our group that a
significant disturbance of the blood-retinal barrier
is present in diabetic patients with apparently normal
fundi, this disturbance being apparently reversible
(Cunha-Vaz er a/., 1975). This was made possible by
the introduction of vitreous fluorophotometry, a
new clinical quantitative method for the study of the
blood-retinal barrier.

There is also some evidence that from the early
onset of the disease diabetics may suffer from
innumerable cellular hypoxic injuries, caused by

~k study was supporte; by ,csearch grant CMC 8 from the Ins:itulo
— a Cultura, Portugal.

s for reprints: Professor JOS4 Cunha-Vaz, CIInica Oftalmo.
mgxa, Hospitais da Univemidade de Coimbra, CA+ Caimbr%
Pornlglt.

the association of an increase in oxygen demand
(Joslin, 1923; White, 1939) and a disordered oxygen
delivery (Ditzel and Rooth, 1955; Ditzel and Standl,
1975b).

h is therefore reasonable to consider the possi-
bility that the oxygen-dependent active transport
medranisrns of the blood-retinal barrier are altered
by these fluctuations in tissue oxygen tension and
that any drug which has a protective action against
hypoxia may influence favorably the course of the
disease.

Cyclandelate was the drug chosen for this trial
because i[ has been shown to have a protective action
against brain hypoxia (Funcke et al., 1974). In the
past 10 years a number of papers have been published
in which it was shown that cyclandelate treatment
was followed by dilatation of cerebral vessels (Kuhn,
1966) and increased cerebral circulation (O’Brien
and Veal], 1966). Improvement of mental functions
in geriatric patients treated with the drug has been
noted by Drift (1961), Ball and Taylor (1967), and
others. These studies pointed, however, to an effect
or effects of the drug on cerebral metabolism other
than those indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistance of
rats and mice to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke et al., 1974). Cyclandelate has also
been shown to increase the penetration of gtucose
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into rat brain, and it is now accepted that the thera-
peutic efficacy of cyclandelate in cerebrovascular
insufficiency may be based not merely on improved
blood flow but also on stimulation of active glucose
uptake by the brain.

The aim of this study is therefore to assess the
effect of cyciandelate on the permeability of the
blood-retinal barrier in diabetic patients, before
there are any apparent retinal lesions, and when a
complete recovery may be expected.

Method and evaluation

The trial was started as well-controlled, double
blind, and paired and completed as such. The treat-
ments were randomised. The parameter measured
was the permeability of the blood-retinal barrier as
evidenced by the penetration of fluorescein after
intravenous injection.

The trial was carried out with adult diabetic
patients which were being followed up as outpatients
in the Diabetes Clinic of Coimbra University
Hospital. There were 6 men and 16 women, ranging
from 26 to 80 years of age, and averaging 524 years.
Patients having a history of eye disease or showing
any retinal lesions were excluded from this trial.
Only patients with maximal visual acuity, normal
ophthalmoscopic and slit-lamp pictures, and normal
retinal tluorescein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
late and the other with placebo. A patient who
dropped out during the course of the trial was re-
placed, as well as the other from that pair. One of
these pairs dropped out, however, only in the last
month of the trial and could not be replaced. By the
end of the trial there were, therefore, 11 pairs,

The details of the trial were explained to each
patient and consent was obtained. Each individual
was assigned to either cyclandelate or placebo, as
determined by a table of random numbers.

The doses of cyclandelate were standardised at
400 mg,capsule, 4 times daily. The total treatment
duration was 3 months. The capsules of cyclandelate
and placebo were provided by Mycopharma-
Brocades. The key to the randomisation codes was
kept by the local pharmacist and was unknown to
the examiners until the trial was completed. No other
preparation with vascular effects was used by the
patients during the course of the trial.

Assessment of rhe permeability of the blood-relinal
barrier
The Wrmeability of the blood-retinal barrier was
assessed by vitreous Iluorophotometry (Cunha-Vaz

“1,“,

J, G. Cunha- Vaz, J. Reis Fon.reca, and J. R. B. Hag
($

et uI., 1975). The apparatus consisted essentially!
model 360 Haag-Streit slit-lamp which was m~i
by adapting a new source of illumination, appro
ate filters, a photometric detection system, ~
device for electrical registration of the movement
the instrument. Each patient Was assessed 4 tirr
the first, before being involved in the trial,
second, at the end of the first month, the third at
end of the second month, and the fourth after
3-month treatment. For these examinations
IO ml intravenous injection of 10°0 sodium fluo
stein was immediately followed by fluorescm
angiography, performed with the TopCon TRC-
and by vitreous fluorophotometry 1 hour later. T
fluorophotometric curves were recorded by
Polaroid camera, Because the values in the an[eci(
vitreous, near the lens, are variable and influencr
by fluorescein penetration through anterior routt
only the posterior half of the ctuwe was analysg
The lower area A as indicated in Fig. 1 was rough
integrated, this value representing a true value of tl
concentration of fiuorescein in the posterior vitreot

The values obtained for these areas in each patie
are presented in Table 1. These areas were. nam~

AO, Al, A%, and Aa, according to the occasion I
their recording, before the trial, after the first mont
after the second month, or at the end of the thi~
month, respectively.

The mean values of areas O, 1, 2, and 3 in eac
group of patients were first compared in order t
detect any general difference in behaviour betwee
the 2 groups.

Y(x) 1

,, i 1 1

;DIST.LWE ACROSS VITREDLS

Fig. 1 T.vpical /luoropho[omelric curve. The Io\cer artw,
A under the curve represents a [rue value of fhe
concenrra:ion of fluorescein in [he posterior vitreous
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Table 1 Values ojfluarescein penefrarion info the posterior vitreous in the 4 examinations during the 3-monrh vial

Placebo C.vckmdt+w
— — ——

F[uorescrin pmtvrofion
s. .!io.

F[uorrscein prnrfrarion
4gr;sex Cllnical S. ,Vo. Age; Sex Clinical

A, A, A, A, information A. A, A, A, reformation

I 6WF 6 I 13 92 92 2 59) F 37
4

67 83 75
50 F 54 41 69 70 3 SOIF 93 94

6
119 102

47M 44 40 66 59 $ 511F 48 59
8

94 97
42’F 33 67 57 04 7 55, M 46 63 91 91 Mmlmal hard

9 33JF 67
exudates

65 66 69 10 26F 54 79
]~

47 48
6WM 75 1.6 84 96 11 S7rM 61 60 71 49

15 64 ‘F 59 5.9 92 103 Minimal hard exudates 16 42’F 78 60 70 54
18 441M 44 4.0 5 s 55 17 6&F 47 ?0
20

82 82
46JF 36 68 102 91 19 @’F 46 61 76 65

21 49!M 17 37 53 76 Hard exudates: signs of ~~ SOF 22 36 ~~ 49
Icakagc on angiograph!

26 42;F 48 40 87 100 Signs of leakage on 2s 61’F 60 64 77 67
anglograph>

Mean 4 S!+ S.51 74a 814 539 648 805 708

The parameter that was used to test efficacy of
the drug v. the placebo was the difference between
t~ fluorescein concentrations in the posterior

‘>US at the final examination, represented by As,
the fluorescein concentrations at the previous

visits (At, Al, and AO).
For each patient (1[ drug, 11 placebo) these

differences (A3 - & A, - A,, and AS - AZ) were
subjected to statistical analysis. A final complement-
ary analysis was made taking into account
simultaneously for each patient, the differences
Al - AO and As - A2, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-retinal barrier. Al – Ao
represents the natural evolution of the disease, the
effect of treatment being then minimal; At – A2
represents best the effect of treatment.

The following standard statistical methods were
used: Student’s / test and standard deviation.

CL IX ICAL ASSESSMENT

The visual acuity was tested for each patient and
he was examined 4 times by ophthalmoscopy,
during the course of the trial, at the beginning and
at the end ofeachmonth.

Results

Assessment of the permeability of the blood-re!inal

barrier b} vitreous fluorophotomerry

The mean values of the areas under the fluoro-
photometric curves, representing the fluorescein
penetration into the posterior half of the vitreous,

-— +.ained from each patient (1 1 placebo, 11 cyclan-
ite) and from the 4 examinations were graphically

potted (Fig. 2). The figure shows a well-defined
pattern of progressive increase in the permeability

Fig, 2 Pa fterns offluorescein penerrafion into rhe
pos(erior vitreous, in piacebo and cycksstdelate rreaied
patients, during the J-month trial

9

-/

5

3

1

F
a--”,-.0

_Cyclandelate

‘----Placebo

, I I
1 2 3

MohT&~

of {he blood-retinal barrier, well evidenced by the
increased fluorescein penetration into the litreous,
in the placebo-treated patients, during the 3-month
period of the trial. This pattern appeared, however,
to be completely inverted during the third month
of treatment in the patients mxiving cyclandelate,
suggesting a definite improvement in the ccmditions
of abnormal permeability of the blood-retinal
barrier which characterises the early stages of retinal
involvement in diabetes.
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Table 2
posterior

Differences in fluorescein penetration into the
vitreous between the last (AJ and the initial

1
,.”,
f
.,.

J. G. Cunha- Vaz, J. Reis Fonseca, and J. R. B. H&
~y,.L

;.rumination (.4,)

PfacebO Cyclandefare

Series .Vo. A.-.4. .Serie~ ,Vo. A,-A.

I *3.1 2 -38
4 –16 3 -09
6 –15 5 –49
8 –51 7 -45
9 -02 10 -06

12 _~. , II -[.3
15 –44 16 -24
18 –11 17 -3.5
20 –55 19 -19
21 – 59 22 -27
26 – 52 25 -0,7
Wan -32 -[6
.SD =0616 =0736

f - [74; DF =20; 01-cP>O05.

This finding is substantiated when the differences
in fluorescein concentration inthe posterior vitreous
between the last and the previous visits were analysed
and the values obtained from patients given placebo
capsules compared with the values obtained from
cyclandelate-treated patients. The differences in
fluorescein penetration, i.e., breakdown of the blood-
retinal barrier, between the last visit (At) and the
initial examination (AO)are significantly different at
the 10°& level between the 2 groups of patients,
placebo and cyclandelate (/=[.74; DF=20; 01
KP>O.05; Table 2).

This level of significance increases, however, when
the differences in fluoreseein penetration are taken
between the last visit and the second and third
examinations, after 1 and 2 months of treatment,
respectively. The differences between the last visit
and the second examination (At – Al), between the
2 groups of patients, are significant at the 2°& level
(t=2.7; DF= 20; 002<P>OOI ; Table 3). Finally,

Table 3 Differences in fluorescein penetration into the
poxterior vitreous between {he end of the :rial (A$) and
[he end of the firs[ month (AJ

Placebo

Series .Vo. .4, – A,

1 –19
4 – 29
6 –19
8 –17
9 –04

12 —20
15 -44

18 –13
20 –23
21 –39
26 -60
Mean -26
=SD =0 475

Cyclandelate

Series .Vo. A.-A,

2 708
3 –08
5 –38
7 -28

10 -31
11 -11
16 -06
17 -- [.2
19 -04
22 –13
25 -03

-06
=0534

f = 27; DF = ZO;002< P>OOI.

4“F:.
Table 4 Differences in fluorescein penetration into ~,

posterior vitreous between the end of the trial (AJ ~
the end of the second month (AJ W;:

P[ace60 Cyc{andelate

Series .Vo. A, - A, Series No. A, - A,

1 0 2 -08
4 -0[ 3 -17
6 -07 5 –03
8 -27 7 0
9 –03 10 –0[

i2 -12 11 -22
Is -11 16 -16
18 0 17 0
20 -1. [ 19 -1[
21 -2.3 22 -26
26 –1,3 2s -10
,Mean -065 -096
=s32 Z0357 =0298

f = 36; DT = 20: 0005<P> O@01.

the differences between the final observation an
the third examination (A3 - A8) show a high]
significant difference between the 2 groups c
patients (~=3.6; DF=20;04105c P>OOOI ; Table4
These results show clearly that cyclandelate has
beneficial effect upon the breakdown of the blood
retinal barrier which is present in the early stage
of diabetic retinopathy, preventing its progressive
increase, well evidenced in patients receiving placeh
capsules. The results indicate also that this beneficia
effect is particularly marked after a period o
treatment of 2 months. The fact that the full effec
of cyciandelate is especially well evidenced in th
third month of treatment, in contrast to the firs
month when its activity appears to be minimal
prompted us to compare the differences betwee[
the third month of treatment (A3 – AZ) and the firs
month (A, – AO), i.e. (A3 - AZ) – (Al – AO) betweel
the 2 groups. The statistical analysis of thes,i
differences shows a highly significant difference
between the 2 groups (t=4.4; DF=20; P<OOOl
Table 5).

These results indicate clearly that the breakdow~
of the blood-retinal barrier as evidenced by tht
degree of abnormal fluorescein penetration into th(
vitreous suffered a significant decrease in tht
diabetic patients treated with cyclandelate wher
compared to the patients submitted to placebc
administration, and that this effect is particularly
apparent after 2 months of treatment.

CLINICAL ASSESSMENT

The other examinations performed agree, although

in a less clear manner, with the fluorophotometric
results. As regards the clinical picture, the cases
under study are of such nature that only signs O(
worsening can km accepted as true changes. The
visual acuity remained maximal in every patierr!

——
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Table 5 Differences itt jlaorescein pe.n~;rari.?~ berneen the rhird monrh of the trial {As - Az} and rhe/irsi montlI
‘A, - Aoj

;-4,4; DF = 20: P< OOOI.

during the entire trial. Ophthalmoscopically and
angiographically, however, slight changes develo~d
in the fundi of 3 patients receiving placebo and in
1 .-~atient receiving cyclandelate (Table 1). These
‘-”!ded the development of minimal hard exudates

some angiographical evidence of fluorescein
leakage. The angiographical changes were observed
in 2 placebo patients at the last examination,
whereas the hard exuda[es were seen with the
ophthalmoscope in 3 placebo-treated patients and
in only 1 receiving cyclandelate. An overall clinical
impression was. therefore. obtained of more marked
progression of the retinal involvement in the
diabetics not receiving cyclandeia[e.

SIDE-EFFECTS

TWO patients complained of nausea. This was

sufficient to provoke in 1 patient discontinuation of

treatmen[ and the consequent dropping out of the
respective pair and its substitution with a new pair.
It is interesting, however, [O note that the second
pa[ient who complained of nausea was receiving the
placebo capsules.

Discussion

The present trial has shown [bar cyclandelate in
doses of 400 mg capsule, 4 times daily, giien for a
period of 3 months, has significant beneficial effect
upon the breakdown of the blood-retinal barrier
Mhich is present in the early stages of re~inal involve-
ment in diaberes. The use of tfi[reous fluorophmo-
metry. a clinical quanti[atiie me~hod or evaluation
of the permeability of the blood-retinal barrier.

.= Ilowed the results to be subjected to statistical
~lysis. This showed that the progressive deteriora-

..m of the blood-retinal barrier observed in the
diabstic patients receiving plambo capsules during

the 3-month trial was arrested in the patients
receiving cyclandelate. This beneficial effect of
cyclandelate was particularly marked in the third
month of treatment, when the levels of breakdown
of the blood-retinal barrier decreased significantly,
pointing to some recovery of the disease process,
and suggesting even better results from prolonged
periods of treatment. In a less clear manner the
clinical impression obtained from ophthalmoscopy
and fluorescen~ angiography agreed with the
results obtained, showing an apparently more rapid
progression of the disease in the placebo-treated
diabetics. It remains now to be seen if these results
can be confirmed by long-term studies and if the
progression and development of the full picture of
diabetic retinopathy and final loss of vision can be
prevented by prolonged treatment with cyciandelate.

The results here reported showing a favorable
effect of cyclandelate on the abnormal permeability
of the blood-retinal barrier in the earlier stages of
diabetic re~inopa~hy are probably due to the
protecti~e action of the drug against hypoxia
(Funcke ef al., 1974). It is to be recalled that an
increase in retinal blood flow by direct action on
the tone of the retinal vessels would not appear to
have any beneficial etTect. according to recent
personalobservations (Cunha-Vaz ef al., 197’7).
which showed an apparent direct correlation between
increase in retinal blood flou and progression of
diabetic retinopathy.

The demonstration of a beneficial effect of cy -
clandelate in early diabetic retinal involvement
supports the work of Ditzel and Standl I1975a, b)
and substantiates the hypothesis that fluctuations in
tissue oxygen tension may be responsible for the
retinal vascular complications in diabetes. Examina-
tion of the effect of this drug upon other vascular
complications of diabetes may help to indicate if
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these variations in tissue oxygen tension are a
general phenomenon of paramount importance in
every vascular complication of diabetes or if they
assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our thanks are due to Professor J. P, Lima, from
the Physics Department of the University of
Coimbra, for reviewing the statistical evaluations
and to Miss M. Jo~o Coelho for secretarial help.
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SUMMARY In order to assess the effect of cyclandelate on the abnormal permeability of the blood-
retinal barrier which occurs in diabetic patients before any other lesions are apparent in the retina
a well-controlled, double blind, and paired trial was carried out in 22 patients. The treatments
were randomised. The permeability of the blood-retinal barrier was assessed by vitreous fluoro-
photornetry. Each patient was examined before being involved in the trial and then another 3 times
with 1 month’s interval. The total duration of treatment was 3 months.

The results showed that the breakdown of the blood-retinal barrier as evidenced by the degree
of abnormal fluorescein penetration into the vitreous suffered a signifi=nt decrease in the diabetic
_-—“ms treated with cyclandeIate when compared to the patients submitted to placebo administra-

md this eff?ct is particularly apparent in the third month of treatment.

It k rtow widely recognised that the major problem
in diabetes mellitus does not arise acutely from lack
of con[rolof the carbohydratemetabolism,but
from the insidiously developing vascular complica-
t ions (Ditzel and Standl, 1975). The morbidity and
incapacity associated with these complications are
staggering, this king particularly true with diabetic
retinopathy, which is nowadays one of [he major
causes of blindness.

ln order to prevent this dramatic outcome it is
neces~ry to derect the disease at a very early stage

and to develop means of stopping its further pro-
gress. lts detection at a reversible stage and its
immediate and effective treatment would be ideal,

1( has recently been shown by our group that a
significant disturbance of the blood-retinal barrier
is present in diabetic patients with apparently normal
fundi, [his disturbance being apparently reversible
(Cunha-Vaz er al., 1975), This was made possible by
the introduction of vitreous fluorophotometry, a
new clinical quantitative method for the study of the
blood-retinal barrier.

There is also some evidence that from the early
onset of the disease diabetics may suffer from
innumerable cellular hypoxic injuries, caused by

——__
.tudy was supported by r=earch grant CMC 8 from Ihe Inslituto

Cul[urz POrwgal.

K.< f’& for reprin@: Professor Jo@ Cunha-Vaz, Cllnica Of?aim@
Mgica. Hospitals da Univemidadc de (himbrc+ Cela.s, Coimbra,
Portugal.

the association of an increase in oxygen demand
(Joslirt, 1923; White, 1939) and a disordered oxygen
delivery (Ditzel and Rooth, 1955; Ditzel and Stand],
1975b).

It is therefore reasonable to consider the possi-
bility that the oxygen-dependent active transport
mechanisms of the blood-retinal barrier are altered
by [hew fluctuations in tissue oxygen tension and
[hat any drug which has a protective action against
hypoxia may influence favorably the course of the
disease.

Cyclandelate was the drug chosen for this trial
baause it has been shown to have a protective action
against brain hypoxia (Funcke e( al., 1974). ht the
past 10years a number of papers have been published
in which it was shown that cyclandelate treatment
was followed by dilatation of cerebral vessels (Kuhn,
1966) and increased cerebral circulation ~0’Brien
and Veall, 1966). Improvement of mental functions
in geriatric patients treated wi!h the drug has been
noted by Drift (1961 ), Ball and Taylor (1967), and
others. ‘hese studies pointed, however, to an effect
or effects of the drug on cerebral metabolism other

than those indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistance of
rats and mice to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke er af., 1974). Cyclandelate has also
been shown to increase the penetration of glucose
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into rat brain, and it is now accepted that the thera-
peuticefficacyof cyclandelatein cerebrovascular
insufficiency may be based not merely on improved
blood flow but also on stimulation of active glucose
uptake by the brain.

The aim of this study is therefore to assess the
effect of cyclandelate on the permeability of the
blood-retinal barrier in diabetic patients, before
there are any apparent retinal lesions,and when a
complete recovery may be expected.

,Method and evaluation

The trial was started as well-controlled, double
blind, and paired and completed as such. The treat-
ments were randomised. The parameter measured
was the permeability of the blood-retinal barrier as
evidenced by the penetration of fluorescein after
intravenous injection.

The trial was carried out with adult diabetic
patients which were being followed up as outpatients
in the Diabetes Clinic of Coimbra University
Hospital. There were 6 men and 16 women, ranging
from 26 to 80 years of age, and averaging 524 years.
Patients having a history of eye disease or showing
any retinal lesions were excluded from this trial.
Only patients with maximal visual acuity, normal
ophthalmoscopic and slit-lamp pictures, and normal
retinal fluorescein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
late and the other with placebo. A patient who
dropped out during the course of the trial was re-
placed, as well as the other from that pair. One of
these pairs dropped out, however, only in the last
month of the trial and could not be replaced. By the
end of the trial there were, therefore, 11 pairs.

The details of the trial were explained to each
patient and consent was obtained. Each individual
was assigned to either cyclandelate or placekm, as
determined by a table of random numbers.

The doses of cyclandelate were standardised at
400 mg,capsule, 4 times daily, The total treatment
duration was 3 months. The capsules of cyclandelate
and placebo were provided by Mycopharma-
Brocades, The key to the randomisation codes was
kept by the local pharmacist and was unknown to
[he examiners until the [rial was completed. No other
preparation with vascular effects was used by the
patients during the course of the trial.

Assessment of the permeability of rhe blood-relinal

barrier

The permeability of the blood-retinal barrier was
assessed by vitreous fluorophotometry (Cunha-Vaz

‘%5
Cunha- Vaz, J. ReLr Fonseca, atrd J. R. B. Hag~

,!~

et a/., 1975). The apparatus consisted essentidy~~
model 360 Haag-Streit slit-lamp which was modifj
by adapting a new source of illumination, appr~
ate filters, a photometric detection system, and
device for electrical registration of the movement
the instrument. Each patient was assessed 4 tire,
the first, before being involved in the trial, 1
second, at the endofthefirstmonlh,thethird at t
end of the secondmonth,and thefourthaftert
3-month treatment. For these examinations
[O ml intravenous injection of 10°0 sodium fluor

stein was immediately followed by fluorescgn,
angiography, performed with the Topcon TRC.F
and by vitreous fluorophotometry I hour later. ~
fluorophotometric curves were recorded by
Polaroid camera. Because the values in the anteric
vitreous, near the lens, are variable and influencx
by fluorescein penetration through anterior route
only the posterior half of the curve was analyset
The lower area A as indicated in Fig. 1 was roughi
integrated, this value representing a true value of th
concentration of Fluorescein in the posterior vitreou

The values obtained for these areas in each patier
are presented in Table 1. These areas were name,
AO, A,, At, and A%, according to the occasion o
their recording, before the trial, after the first mon[h
after the second month, or at the end of the th[ri
month, respectively.

The meat values of areas O, 1, 2, and 3 in eact
group of patients were first compared in order t,
detect any general difference in behaviour betweer
the 2 groups.

Y (x) 1

A “!
1 1 t-—-r————

x
D[sT.\XCE .A1.Il[)SS V[~E~I-’$

Fig. 1 Tvpical fiuorophorome(ric curve. The IOMer area,
A under rhe curve represents a !rue value of [he
concenrra!ion of fluorescein in [he posterior vi[reou.~
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Table I Values off?aorescein penetration info fhe posferior vi[reous in the 4 e.vaminarions during the 3-month trial

Placrbo Cyclandrlrm

Ftuorescem pt-nrtratgon F!uorrscetn prnetrotion

.s. .30. .A&,’sex — Cllmcal .s .%0. .4gP<sex Clilllcol
.4, A, A, A, information ,40 A, A, A, m[ormalmn

1 6(’F ~ 1 73 91 92 .? 59, F 37 67 83 75
4 ?0 F 54 41 69 70 3 8ofF 93 94 119 102

6 47M .44 40 66 >9 s 5iF 48 59 94 97

u 42 F 33 67 57 84 7 55M 46 63 91 91 Mlntmal hard
exudates

9 33(F 67 65 66 69
,? 68~M 1.3 76 84 96
Is 6&F S9 S9 91 103 Minimal hard exudates
18 44/M 44 40 5s 5.5
20 461F 36 68 102 9 I
21 49:M 17 37 53 76 Hard exudams: slgnsof

10 26 F 54 79 47 48

II 57:.M 6? 60 71 49
16 42’F 60 70 54

17 6.$F ;: 7(3 8J 82
19 WF 46 61 76 65
:2 50F 22 36 ~~ 49

Icakagcon angiograph>
26 42<F 48 40 87 100 Signs of Icakagc on ~~ 61F 60 64 77 67

ang]ograph!
Mean 489 551 748 814 539 648 805 708

The parameter that was used to test efficacy of
the drug V. the placebo was the differerm between
th- fluorescein concentrations in the posterior

-–—-’’x.tsat the final examination, represented by A,,
he fluorescein concentrations at the previous

VMIS (A2, A,, and AO).
For each patient (11 drug, 1I placebo) these

differences (Aa – & A, - A,, and A, - At) were
subjected to statistical analysis. A final complement-
ary analysis was made taking into account
simultaneously for each patient, the differences
At - A, and A, - A,, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-re[inal barrier. At - A,
represents the natural evolution of the disease, the
effect of treatment being then minimal; As – A2
represents best the eKect of {reatment,

The following standard statistical methods were
used: Student’s [ test and standard deviation.

CLINICAL ASSESSMENT

l%e visual acuity was tested for each patient and
he was examined 4 times by ophthalmoscopy,
during the course of the trial, at the beginning and
at the end of each month.

Results

Asses~men( of the permeability oj rhe blood-rerinal

barrier b} vifreous j%~oropho!omefr~

The mean values of the areas under the fluoro-
photometric curves, representing the fluorescein
penetration into :he posterior half of the vitreous,

=-- “ained from each patient (1I placebo, 11 cyclan -
.te) and from the 4 examinations were graphically

%.~tted (Fig. 2). The figure shows a well-defined
pattern of progressive increase in the permeability

Fig. 2 Pallerns of fluorescein penerrafion into the

posterior vitreous, in placebo and cyclandela:e {rested
patients, during the 3-month trial

9

7

5

3

1

—C:clandelale

-----Placebo

~

!fO\TEtS

of the blood-retinal barrier, well ewdenced by the
increased fluorescein penetration into [he litreous,
in the placebo-treated patients, during the 3-month
period of the trial, This pattern ap~ared, however,
to he completely inverted during the [bird month
of [reatment in the patients receiving cyclandelate,
suggesting a definite improvement in the conditions
of abnormal permeability of the blood-re[inal
barrier which characterises the early stages of retinal
involvement in diabetes.
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Table 2 Differences in flwrescein penerra!fon in[o the

posterior vitreou~ berween the last (As) and /he ini[ial

e.raminorion (Ae)

Placrbo

series .Vo. .4, -.4.

1 -31
4 –16
6 –15
s -51
9 –02

12 —2 I
15 –44
18 –1[
20 –35
21 –59
26 -52
Mean – 32
=SD =06[6

Cych.ndelate

.$erlfJ .VO. A, -A,

2 –38
3 –09
5 –49
7 –45

10 -06
II -1.3

16 -24
17 –35
!9 -19
22 -27
25 -07

–16
=0736

f = 1 74; DF = 20; 01<P> O05.

This finding is substantiated when the differences
in tluorescein concentration in the posterior vitreous
between the last and the previous visits were analysed
and the values obtained from patients given placebo
capsules compared with the values obtained from
cyclandelate-treated patients. The differences in
tluorescein penetration, i.e., breakdown of the blood-
retinal barrier, between the last visit (AJ) and the
initial examination (AO) are significantly different at
the 10“& level between the 2 groups of patients,
placebo and cyclandelate (r= 174; DF=20; 01
KPzO05; Table 2).

This level of significance increases, however, when
the differences in fluorescein penetration are taken
between the last visit and the second and third
examinations, after 1 and 2 months of treatment,
respectively. The differerrees between the last visit
and the second examination (AS - Al), between the
2 groups of patients, are significant at the 2°L level
([=27; DF=20; 002< P>O01 ; Table 3). Finally,

Table 3 Differences in Puorescein penetration into the
posterior vitreous beween /he end of [he rrial ~.4,) and

the end of [he firs[ month f .41)

Placebo Cycltmdelore
__

Series .Vo. A, -.4, S’rlex .k o. A, -A,

I

I –19 2 –08
4 –29 3 -08
6 –19 5 -38
8 –17 7 –28
9 –04 10 -31

,2 —20 II -11
15 –.$4 16 -06
18 –is 17 –II

20 —~.3 [9 -04
21 -39 ~~ -13
26 -60 Y –03
\f earl —26 –06
=SD =0 47s =0 534

I =27; DF =20, 002< P>OO[,

!
‘.

“$
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Table 4 Differences in flwrescein penetration info rh

posterior vitreous between the end of the trial (A8) w
the end of the second month (Al) .:

Placebo Cyclcmdc+lte
——

Series Vo. A, -A, serlts ‘Vo. .4, - A,

1
4
6
8
9

12
15
18
20
21
26
Mean

=SD

o
–0.1
-07
-27
-03
–[2

-11
0

-11
–23
–13
-065
=0357

1
3
5
7

10
1[
16
17
19
22
25

-08
-17
-03

0
-01
-22
-16

0
-11
-26
-10
-096
=0298

I-36; DF=20;04XM.P>OOOI.

the differences between the final observation :
the third examination (AS – At) show a hig
significant difference between the 2 groups
patients (f=36; DF=20; OW5CP>OO01 ; Table
These results show clearly that cyclandelate ha
beneficial effect upon the breakdown of the blot
retinal barrier which is present in the early sta,
of diabetic retinopathy, preventing its progress
increase, well evidenced in patients receiving place
capsules. The results indicate also that this benefit
effect is particularly marked after a period
treatment of 2 months. The fact that the full efi
of cyclandelate is especially well evidenced in
third month of treatment, in contrast to the f
month when its activity appears to be minin
prompted us to compare the differences betw(
the third mon(h of treatment (A3 - A2) and the f
month (Al – AO), i.e. (A3 – Az) – (Al – AJ &twt
the 2 groups. The statistical analysis of th
differences shows a highly significant dit~erel
txtweerr the 2 groups (t=44; DF=20; P*:O ~
Table 5).

These results indicate clearly that the breakdo
of the blood-retinal barrier as evidenced by
degree of abnormal fluorescein penetration into
vitreous suffered a significant decrease in
diabetic patients treated with cyclandelate WI
compared to the patients submitted to plac(
administration, and that this effect is particul:
apparent after 2 months of treatment.

CLINICAL ASSESSMENT

The other examinations performed agree, altho~

in a less clear manner, with the fluorophotome

results. As regards the clinical picture, the ca
under study are of such nature that only signs
worsening can be accepted as true changes.

visual acuity remained maximal in e~ery pat

———
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Table 5 Dt’&erme~ if! fl{torescein pe.v::rari.?v bern een fhc \hird monrh OJ the frial i A, -.42 I and [he firs[ motI[lI
A1-AOJ

Placrbo

SPrles \o. .4, -.4. .4, - .4* Difrrrencr
—

[ o –12 -12
4 -01 -13 -12
6 -o- -04 .03

8 ___ -34 -o-
9 -63 .o~ _o~

12 –06 -01 -05
IS –11 0 -11
18 0 -04 -04
20 –11 -.l~ -21
21 —23 –20 -03
26 -13 -08 .o~

\le.1”

SD
-002
= 0 ?)2

Cyc/arde/o/.?
—.

.%rie~ .%0. A, -A, A, - A, Dt17rrtncc

-08
-17
–03

o
–01
-22
-16

0
-11
-26
-lo

-38
-18
-08
-17
-26
->0
_o.~
_23
-26
-40
-14
.207
=0 4s5

;-44; DF-20:P<@ool

during the entire [rial. Ophthalmoscopically and
angiographically, however, slight changes developed
in the fundi of 3 patients ra~iving placetw and in
I ,patient receiving cyclandelate (Table l). Thew
—— l~ded the development of minimal hard exudates

ome angiographicai evidence of fluorescein
...age. The angiographical changes wet e obsemed

in ? placebo patients a[ the last examination,
whereas the hard exudales were seen with the
ophthalmoscope in 3 placebo-treated patients and
in only 1 receiving cyclandelate. An overall clinical
impression was. therefore. obtained of more marked
progression of [he retinal involvement in the
diabetics not re~wi~ing cyclandelate,

SIDE-EFFECTS

Two patients complained of nausea. This was
sufficient to pro~oke in 1 patient discontinuation of
treatment and [he consequent dropping OUTof the
respective pair and its substitution with a new pair,
lt is interesting. hov. eler. to no[e tha~ the second
pa(len[ who complained of nausea was recei~ ing the
p~acebocapsules.

Discussion

The present trial has shown that cyclandela[e in
doses of 400 mg capsule, 4 times daily. giienfor a
period of 3 months. has significant beneficial effect
upon the breakdoun of the blood -re[tnal barrier
uhich is present in the early stages of retinal in\ol\e -
menr in dia~les, The use of t Itreous fluoropho[o-
rnetr}. a clinical quantitative method of evaluation
of the Wrmeabilit) of the blood-retinal barrier.

_!loved the resulls [o be subjected to Statkti Cal

lj’sis. This showed that the progressive deteriora -
i~ of the blood-retinal barrier observed in the

diabetic patients receiiing placebo capsules during

the 3-month trial was arrested in the patients
receiving cyclandelate. This beneficial effect of
cyclandelate was particularly marked in the third
month of treatment, whets the levels of breakdown
of the blood-retinal barrier decreased significantly,
pointing to some recovety of the disease process,
and suggesting even better results from prolonged
periods of treatment, In a less clear manner the
clinical impression obtained from ophthalmoscopy
and fluorescence angiography agreed with the
results obtained, showing an apparently more rapid
progression of the disease in the placebo-treated
diabetics. It remains now to be seen if these results
can be confirmed by long-term studies and if the
progression and development of the fullpictureof
diabeticretinopathyand finallossofvisioncan be
preventedbyprolongedtreatmentwithcyclandelate.
The resultshere reported showing a favorable

effec[ of c}clandela[e on the abnormal Permeability
of the blood-retinal barrier in the earlier stages of
diabe[ic retinopa[h> are probably due to the
protecti~e action of [he drug against hypoxia
(Funcke er al., 1974). II is [o be recalled [hat an
increase in retinal blood flow by dirtct action on
the tone of the retinal vessels would not appear to

haie an! beneficial eflec[, according [o recent
personal obserta[ions {Cunha-Y’az er a/., 1977).
u hich shoved an apparent direct correlation between
increase in retinal blood flou and progression of
diabetic retinopath}.

The demonstration of a beneficia( effect of CY-

clandelale in early dtalxtic retinal involvement
supports the uork of Ditzel and Standl ( 1975a, b)
and substantiates the h~pothesis that fluctuations in
tissue oxygen tension may be responsible for the
retinal \’ascular complications in diabetes. Examina-
tion of the effect of this drug upon other vascular
complications of diabetes may help to indicate if
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these variations in tissue oxygen tension are a
general phenomenon of paramount importance in
every vascular complication of diabetes or if they
assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our thanks are due to Professor J. P. Lima, from
the Physics Department of the University of
Coimbra, for reviewing the statistical evaluations
and to Miss M. J050 Coelho for secretarial help.
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Cvclandelate inhibits calcium-induced contraction of vascular smooth muscle cells, platelet aggregation
induced h thrombin, platelet-activating-factor and adenosine, and also suppresm a provoked 5HT release
from platelets. This pharmacolo~cal profile suggests that cyclandelate may have a potential prophylactic
effect in migraine To test tlus hy~thesm a double-bhnd multicentre study was performed in 214 patients
to mrestigate the efhcacy and tolerahilih of cyclandelate compared to placebo and propranolol After a 4-
week basehne period, ehgib]e patients (randomization 3:2: 3) were treated for 12 week with daily doses
of 1.X33 mg cyclandelate (n=81), placebo (n=55) or 120 mg propranolol (rr=78). The number of migraine
attacks (=50% responders) and the mlgrame duration .’month were compared based on the difference
between baseline and the last 4 week of prophylactic treatment. The percentage of patients with a reduction
in migraine attacks of =50% treated with c-yclandelate (37.02) or propranolol (42.3%) was not significantly
superior to placebo (30.92, ~>0.025) The mean duration of migraine in hours (h) per month decreased m
both acti\e tmatrnent groups (cyclandelate 36.8 h, p= O.CJ46, propranolol: 34.4 h, p= O.03W compared to
placebo (13.7 h) without reaching statistical significance (a/2=0.025). The clinical efficacy of cyckmdelate
and propranolol was comparable. Adverse experiences were reported by 13 patients (16.09.) treated with
cylandelate, by 5 patients (9 1%) treated with placebo and by 19 patients (24.4%) treated with propmnolol.
These were drug-related in 7.1% (n =6) of patients treated with cyclandelate and in 9% (n =7) of patients
treated with propranolol In summa~, cyclandelate has a comparable efficacy to that of pmpranolol, an
estabhshed drug of first choice in the prophylaxis of rmgraine. Both drugs were better than placebo, but not
significantly so. Both acti\e treatments werr well tolerated. •l Cycfmrdelate. double-blimi, place60, proprmro[o[,
prophylams 0( rrrigrafnc, Iolerufrillfy
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patients with frequent, prolonged and severe

migraine attacks require migraine pro~hvlaxis. A
~uction in the frquenc~ of attacks and the dura-

tion of migraine are two ;rnportant aims. The mode
of action of most drugs used in mi~raine prophylaxis
~ not ~own, Furthern~ore, no animal models are
available to estab]ish the mode of action of these
~edications. The prophylactic effect of beta-blockers,
the most ~~idelv used ~rugs in the prophylaxis of

●MecfIca/~o,15t(/1,7,1/H(~a~, G \\’lnJ.qch r,rr!l:l~wf~))f [rti~l cct]tr,x
&kmann-Re)nhol,jt, A (,I =2q I Kon]g>tein, Lang,ohr, H H
/Fob, M (n=~o) Fu]Ja, lac~,~rlno, C (f~=~.ll ‘\dpl.?S(l~,

-t, F (.=21 i PuL.mtz, Tancm Z ll~}m \l \t!. 1S] DuIshu~
%Iy, P [n= ]6), \’lenna(,A), Nl,,ver, Chr t~ = 11 J Bad en (CH),

~UIX LE. (rr=9),’HofheLm a T; Drc;ncr, H.C \4aY, A (tI=6) Essen,

‘~, w. (rr=L3},’%hoptlelm; Islcr, H i Lutz, I (n =8)/ Zunch(CH),
%dt, M.J. (n =8) ~Maim, Sholz, E (,:. 7’I “Bobl]ngen, ~onat, P./

~ R (n=T) Duisbu~ Kosamc, S khinnbn~nn, E. (rI=7)/

migraine, was discovered by chance in patients
treated for hypertension who at the same time suf-
fered from n~i&aine, Promano]ol (l-6) has convinc-
ingly been shown to have migraine prophylactic
acti{rity. This activity has been confirmed by Holrovd
et al. (7), who performed a meta-analysis of studies
on propranolol in the prophylaxis of migraine. The
53 stidies included 2403 Datients who were treated

with the beta-blocker ~ron’ranolol (medium standard
dose 160 m,g~day) ~:ers~sreferencesubstancesor
placebo.On average,propranololresultedin a W%
reduction in migraine actilrity when daily headache
recorciings ~~”ereused to assess treatment outcome
and in a 65’7( reduction of mi~raine activitv when
less conser~ratif’e measures (e ~. clinical raikgs of
improvement, global patient reports) were used. The
dropout rate due to side effects was 5.3%.

Cvclandelate inhibits Drovoked calcium otrerload
‘

in ;eUrOIIS (8), ca~ciLim-induced contraction of
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vascular smooth muscle cells (9–IO), and platelet
aggregation induced by thrombin, platelet activating
factor (PAF) and adenosin (11). In addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-1 3) and protects against provoked cortical dam-
age in a mouse model of focal ischaemia (14). This
pharmacological profile suggests the likelihood of a
prophylactic activity in migraine.

Earher studies have indicated that cyclandelate
given at a daily dosage of 1600 mg indeed has
an anti-migraine prophylactic effect. In a small pilot
trial (n =40), Nappi et al. (15) showed that cyclan-
delate was almost equaIly effective to flunarizine.
Mastrosimone et al. (16) (n =84) described a signifi-
cant superiority of cyclandelate to pizotifen. Gerber
et al. (17) (n =84) observed a clinically relevant
decrease in migraine symptoms with cyclandelate
which was comparable to that of propranoloi.
Cyclandelate was well tolerated in all efficacy
studies and exhibited the smallest incidence of
adverse events compared to the reference drugs used
(15-18).

Methods

To test the hypothesis that cyclandelateis more
effectivethanplacebo in the prophylaxis of migraine
using the minimal effective dosage of 1200 mg/day,
a randomized, parallel-group, double-blind multi-
centre study was performed. As a secondary hypo-
thesis, comparative efficacy with propranolol (120
mg/day) was investigated. The study was approved
by the respective local ethics committees.

Inclusion criteriu

Patients between the age 18 and 60 years; male or
female; migraine with and/or without aura accord-
ing to the IHScriteria (19); migraine history of at least
12 months’ duration; a mean number of 2-10
migraine attacks per month within the last 3 months
prior to the study; and signed informed consent were
admitted to the ShJL~~.

Pregnant or lactating women; psychiatric disor-
ders; concomitant non-migraine headaches >3 times
per month \\’ithin the last 3 months; intake of cen-
trally acting drugs or migraine prophylactic drugs
during the 4 weeks preceding thO trial; specific
contraindication to beta-blocker (asthma, diabetes,
clinically relevant hvpotension, etc. ) or cyclandelate
(acute “stroke, glaucoma, coagulation tii.u.der);
intake of drugs to treat migraine attacks> 12 days/
month. Prior to study entry and at the end of the

treatment, the patients underwent physical and neu-
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rological examinations, including ECG and bl ‘;:%:,:
chemistry tests. “,‘.”:,

Drsign

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophyla~c
treatment. Those who recorded 2–10 attacks on the~
migraine headache diaries during the baseline peri~
quaIified for randomization (randomization ratio=
3:2: 3) to cyclandelate, placebo or propranolol.
TO avoid early withdrawals due to initial side
effects, treatment started with a 2-week run-in peri~
at a dosage of 400 mg tid cyclandelate placebo or w
mg tid propranolol. This was followed by a 12-week
period of active prophylaxis at a dosage of 400 mg
tid cyclandelate, placebo or 40 mg tid propranolol.
The study ended with a 2-week run-out period to
avoid early recurrence of migraine, using the same
dosages as in the run-in period. Additional medica-
tion to treat acute migraine attacks was allowed for
up to 12 days/month for the duration of the study,
including the baseline period. Patients were required
to come for a check-up visit at the end of the baseline
period and at weeks 10, 14, 18 and 20 (Fig. 1).

Migraine headache diary

All patients kept a structured weekly diary and
recorded daily migraine events: occurrence of
migraine attacks; impairment of working ability;
intensity of headache (measured by a visual analogue
scale); duration of headache and migraine attack;
intake of migraine medication during the attack;
concomitant symptoms of migraine (e.g. photo- or
photophobia, nausea, autonomic disturbances, etc.).
Patients were also asked to record adverse events
related to the prophylactic medication. The attending
physician was requested to transcribe the frequency
and duration of migraine attacks and adverseevents
in the Case Report Forms (CRFS) at each visit.

At the end of the studv and prior to breaking the
code, the attending phys(cian evaluated all migraine
headache diaries, blinded to the number and total
duration of migraine attacks at baseline and in the
last -! wreeks of prophylaxis. This diarv database was
used for primary analysis applying’ the follok~ing
guidelines: (a) Jf migraine attacks occurred on t~io
consecutive days within a time interval of less th~~n
24 h,thiswas counted as one migraine attack;{b)the
migraine duration was defined as the sum of al]
migraine hours documented b~ the patientin th~

diary within the 28 days pr~ceding the end ot
baseline (week 4) and prophylactic treatment visit:
(week 18) (Fig. 1); (c) in cases where the patient was
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—==-.. baseline run-in 12 weeks prophylaxis run-out

I
800 mg I d 1200 mgld 800 mg I d cyc’andelate

1
I

80mgld 720mgld 80 mg / d propranolol

placetm

MHD MHD
I 1 I

o 4 6 10 14 18 20 [weeks]

Fig. I T]me course of the study, dosages and migraine evaluation

run-in/run-out 2 weeks: cyclandelate 400 mg bid vs placebo vs propranolol -W mg bid: 1-O-1capsules/day
prophylaxis 12 weeks: cylandelate 400 mg tid vs placebo vs propranolol 40 mg tid: 1-1-1 capsules/day
MHD Migraine headache diary: evaluation 4 weeks baseline vs last -t weeks of prophylaxis
1 ...20 W-wks scheduled check-up visits

not able to distinguish between migraine and tension-
type headaches, all additional concomitant svmptoms
documented in the diary were taken into consideration.

Endpoints and statistics

Two equivalentprimary endpointswere defined:(al
“rate of responders”, i.e. patients with z50Yc reduc-
‘-q, in the number of migraine attacks; (b) mean

— ~aine duration” in hours. The migraine para-
.em were calculated using the values of the last 4

weeks of the high-dosage period compard to those
of the 4-week baseline period. Efficacy was assumed
if cyclandelate showwcl significant superiority to pla-
cebo at an alpha-adjusted two-sided significance level
of a/2=0.025 in atleast one of the two target criteria.
Fisher’s exact t~t and the t-test for independent
samples were USecf as statistical methods for the rate
of HPonders and migraine duration, respectively.
TWO patient populations were defined for statistical
analysis, all randomized patients (intention-to-treat
[~] group) and clinically relevant patients (per
protocol [PP] group). All drop-outs after baseline
were included jn the intention-to-treat analysis on the
basjs of the last-ta]ue-earned-fo~ard method.
. kondary endpoints were the efficacy of propra-

no]ol versus placebo and equivalent effica~~ of cy)an-
delate compa~ to propranolol, Additional semndaw
endpoints were change in intensity of headache,
inhke of analgesics or migraine drugs, number of
working davs lost due to migraine, frequency and
SeveritY of ~d~,~rse ef.ents. For the Secondary end-

~ints, adt,erse events and intake of acute migraine
llledication, ~n]v posth~c ana]~ses are presented.

~~urning a 60C7c response rate with cyclandelate
;.$30Z with placebo and a reduction in migraine

. . .

duration of 4 h with placebo and 8 h with cyclande-
late with a standard deviation of 6 h, the sample size
for cyclandelate and propranolol was calculated at
n =75 and n =50 for placebo in the randomization
ratio of 3:2:3. These case numbers are sufficient to
find a statistically significant difference between cyc-
land elate (or propranolol) and placebo at a/2=0.025
with a beta error of 20’ZO.

Posl-hoc analysis

The intake of medication to treat acute migraine
attacks is known to be an accompanying critical issue
for the evaluation of headache duration in clinical
trials for prophylactic treatment. Therefore, all
patients were stratified based on the intake of anal-
gesics/antimigraine drugs during a defined number
of weeks in the course of the trial, To obtain new
insight into possibly different response properties of
the ITT patient database, the >50% response criterion
reduction of migraine duration was combined with
the criterion “intake of acute medication over less
than 5 weeks” during the 16 weeks of treatment
(double response criterion).

Results

Stmiy populflf ion

The study was initiated in November 1991 and
finished in April 1994. Twenty-one screened patients
did not qualify for randomization. A total of 214 I_IT
patients in 17 centres were randomized after com-
pleting the baseline period, 81 patients (37.9’%) were
treated with cyclandelate, 55 (25.77, ) with placebo
and 78 (36.4C; ) with propranolol. Fortv patients had
to be excluded from the I_IT analys-is for various
reasons (Table 1) and 174 patients (cyclandelate H=67,
placebo n =39, propranolol n=68) remained for the
PP analysis.
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Table 1. Patients violating protocol requirements.

Reasons for exclusion from ITT databa~ n=.lo

Ear!v stucfv termination,’not drug-related n=15
<~ ~ttac~ dufig basefin~ pod (one <24 h) n=~

Evaluation of diary not Po=lble n=7
Control visit rmssect by >2 weeks n=6
[ntdke of additional medicatmn >15 davs/4 weeks n=~
Age <18 or >60 years n=~

Dernogruphic and baseline Ata (Table 2)

The three treatment groups were comparable in
terms of age, distribution of gender and history of
migraine (Table 2). The three treatment groups were
comparable with regard to number of attacks/
4 weeks, intensity of pain duringattacksand intake
ofacutemigrainemedication.The mean durationof
migrainein hours/4 weeks and the standard devia-
tion was slightly greater in the cyclandelate group
than in the placebo and propranolol groups. How-
ever, the differences did not reach statistical signifi-
cance.

Withdrawals after randomization

Thirty-six ptients (16.8%) dro
domizatlon (cyclandelate n= 16,
pranolol n =12). The frequency of
cyclandelate and propranolol was comparable, ~t
numerically higher compared to placebo in the efi
cacy-related and possibjy drug-related reasons. I&
overall distribution of all reasons for withdraw~ b
given in Table 3.

Efficacy

Primny endpoinfs

The firstprimary endpoint (~ W’% redution of
migraineattacks)was met by 30/81 (sp.o~o) ~tients

treated with cyclandelate and 17/55 (30.99’0) patients
treated with placebo. There was no significant differe~
betw=n the two groups @O.m). k the pmpranolol
group the respmse criterion was fumed by 33/78
(AL.S?O, P>O.OS vs p~cebo) patienk. Sfi results were

obtained for the per protocol analysis (Fig. 2).
The mean absolute reduction of migraine

duration/4 weeks (second primary endpoint)
was 36.8 f73.7 h with cyclandelate compared to

–—- ‘.

Table 2. Comparison of the three treatment groups.

Total Cyclandelate Propranolol Placebo
Patient characteristics n=214 n=81 n=78 n=55

i%no~nrplr[c Jnd bcseline Jutd
Mean age (vears) 39*12 39k12 -W*13 39th

%
Women 167/78.0% 66/’8l.5~0 60/76.9~c 41 /74 5~,

Men ~;770~’, -. 15/18.5mo 18/23.1% 14/ 25.5%

Mean m]graine h]story since (years) 19312 18212 ~lf13 1’9111
Migraine w~th aura 56/26.2qc 24/29,6wo 18/23.1% 14/25.3~0

Migraine without aura 156/71.9% 56/69.1q0 59/75.6qc 41 /74.5%

Migraine with +without aura ~ 1 i o
.No. of patients tvlth acute m]gra]ne medlcahon:

Analgmics iantlrheum~tics 142i66 4? 55;b7.9°c il 165.4flc 36, fJ5.5”:

Specific migraine drugs 127, 39.3°~ 4b/56.8~ 49,’62,87 J?, is ~-;

—.

Cyclandelate Propranolol Placebo

—

,Wgrairw bmdlnt datd
\tean number of att<lcksil w~ks

S4 attacks
\fean mlgr,~tne dur.~t]on,’4 wtwk-s(h)

=4 .]ttacks
Pam Intensity during attack

%vere
\Iod era te
\lild

Adctitwnal medication 13unng attack-s
.Uever
<>metimes

Even attack

v/33.3% 26133.3%
51/630Hc 49 162.8T
3/3. i~c 3/3.8%

6/7 4? 3/3.t3T
23/28 4qc 24/ 30.8%

5?16427 ’51 /65.4%

.
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- >,
__~;lf 3 Reasons for withdrawal—

Total Cyclandelate Propranolol Placebo

n=214 11=81 ![ = 78 n=55
Reason n=36 n=16 n=12 12=8

No. of patients (%) (16.8%) (19,8%t (154q) (14.4%)

Not drug-related 15 (7.0’%) 5 (6.2$ ) 3 (s,87 ) 7(12.7’7r)
Efficacy-related (total ) 8 (3.7%) 5 (6.2Z ) 3 (3.87)

Complete relief 2 (0.92) 2 (2.57)
Lack of efficacy 6 (2.8%) 3 (3.7%) 3 (3.8%)

Adveme events (no. of patients) 13(6.1%) 6 (7.4~ ) 6 (7.7%) 1 (1,81)
Side effects 9 (4.2%) ~ (6.27 ) 4 (5.lfl)

1%] Rae O( Responders
80 –– .—

ITT PP

so

..———:~s:; gjiJiJ_
o

Cyd Plac Prop Cp % Pw

Fig, 2. Rate of responders (>W% reduction of attack
__@ency/4 weeks) compared to baseline.

= Intention-to treat PP. per Protocol
d=cylandelate Plac=placebo Prop= propranolol

‘p> O.05; a/2=0,025 (Fisher’s exact test, 2-si&d).

13.7 f51.7 h with placebo (~)=0,046). Propranolol
Muted the migraine duration on average by

M.6*58.8 h (p= O.039). These results were clinically
relevant for both active drugs, but failed to achieve
the adjusted significance level of a/2=0.025 (ITT).
Similar results were obtained for the per protocol
analysis (Fig. 3).

Secondaq endpoints

%uivaknce of c~clundelafe and proprunolol. No signif-
icant statistical equivalence of cyclandelate and
Pmpranolol was found in either main efficacy
dtena (p=0,05, l-sided).

me anal~,sis of the subgroup of patients that

&led the-response criterion of a ~50(7c reduction

‘f tigraine duration with an intake of acute medi-
@tion over ]es. than 5 weeks during the course of

—~.e stud}l sho~ved cvclandelate to be significantly
.Mtior - to placebo ‘(32,1% I’S 12.7’7c, p= O.014) in

ast to propranolol (19..27c, p>(l,05). The analvsls

[.o.rs, wearReo.c:,o.sr ucixs

cn 1
—.-..——

““ l-q” —
j i t’,,;<

.10
hL.- i L,.#.137 :

-xl
.~, - .172

.52 d

30 F
.— -—- ,.

.% 3 -- .—

40 .368 ,58$ .367
,717 400 *7

C=OM
:708

54 P=cC39

& -- ~=.— ++ ..—--—. ——– Pp
cm Plac w

Fig, 3. Mean absolute reduction of migraine duration/4 weeks
compared to baseline.

~= Intention-to treat PP. per Protocol
Cvcl =cyclandeiate Plac= Placebo Prop= Propranolol
●p>0,05; u/2 =0.025 (f-test for independent samples, 2-sided

of the complementary responder groups with an
intake of acute medication during more than 5 weeks
did not show any significant difference between
placebo and active drug.

The 1-sided equi~’alence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1 TC w 19.2%,
p=o.oo7),

Tolerability/side effects

Blood pressure and blood chemist~ remained
unchanged throughout the trial in all three treatment
groups. In the propranolol group the heart rate was

reduced on average by 5 beats/rein. Thirteen of 81
(16.0’1 ) patients treated with cvclandelate, 5 of 55
(9.1% ) patients ~~ith placebo and 19 of 78 (24.4%)
patients wit h propranolol reported ad ~’erse events,
of these adverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table 4). Fi\’e patients in the cyclandelate group and
4 patients in the propranolol group withdrew from
the stud}~ due to side effects.
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Table 4. Side effects.

C yclanclelate Proprarwlol

Total no. 81 78

No. of side effects 9 7

.NO.of patients with
side effects 6 7

Type of side effects [ncreased sweating Depressed mood
Hypertension Gastric pain (2)
Sleep difficulty Gastric spasm
Depressed mood
Drowsiness
Gastric pam (2) Gastric difficulty
Respiratory difficult Diarrhea
Kidney pain Brad ycard ia

Discussion

The goal of this study was to investigate the efficacy

of cyclamklate compared With placebo and

propranolol on the basis of intention-to-treat and
per protocol analyses. The prophylactic treatment
showed no statistical superiority of either cyclande-
Iate or propranolol over placebo in the reduction of
frequency of attacks. The duration of migraine per
month was reduced by both active drugs to a clini-
cally but not statistically significant degree. Overall,
the clinical reduction of migraine parameters for both
prophylactic drugs was comparable, confirming the
previous report of Gerber et al. (17).

The placebo effect in this study was somewhat
high (31’% for frequency and 19% for duration) but
comparable to previously reported figures, i.e. 2W
407. for change in headache frequency (20) and
12* 15v0 for headache ~rm-ation (7).

We have attempted to overcome the ambiguous
and variable recordings in some patients’ diaries by
using a standardized procedure (see Methods sec-
tion) aimed at including the largest possible number
of evaluable data points in the final analysis. The
same evaluation procedure was applied in all three
treatment arms before breaking the code. Thus it is
urdikely that such a technique would bias the results
in favour of one treatment but not the other(s).

We considered that methodological errors could
have accounted for the outcome oithestudy Accord-
ingly, we perfom~ed two post-hoc analyses. In the
first, the double response criterion showed a signifi-
cant superiority of cyclandelate over placebo in
migraine duration, which is more pronounced than
for propranolol. This stable result suggests that the
assessment of efficacy of migraine prophylactic
drugs should include a responder population encom-
passing both the reduction oimigraine duration and
additional medication responders with a reduced
intake of drugs to treat acute migraine attacks. Fur-
ther studies need to be conducted to confirm this

hypothesis. In the second post hoc analysis, tl$
patients who took sumatriptan (n =M) were exclud~
from the ITT database. Subsequently we found ttii
cyclandelate and propranolol were better than pla.
cebo (p = 0.024 and 0.026, respectively) in reducing the
mean duration of migraine attacks.

The incidence of adverse events was lower with
cyc]andelate than with propranolol, but drug-related

side effects were comparable. These results confirm
the good tolerability of cyclandelate reported in
earlier studies (15-1 8). Furthermore, and in contrast
with most other substances formigraineprophylaxis,
cyclandelate has no specific contraindl~ations other
than acute stroke and glaucoma. It could be used in
patients with contraindications for other prophylac-
tic drugs (e.g. overweight, asthmatic patients, and
patients with coronary heart disease).

Our study demonstrates that cyclandelateand
propranolol are equally effective medications in
migraine prophylaxis, but not better than placebo.
Cyclandelate is well tolerated.
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